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Kimble makes Thermometer history! 9 


At last! Graduations that really defy chemical attack! 
retested 


Now, after years of experiment, Kimble has 


thermometers designed 

legible. The filler can never erode. The du- 
rable markings are unaffected by organic 
materials and acids (except hydrofluoric). Re- 
sistance to alkalis equals that of the glass. 

Proved under abnormal test conditions. In 
laboratory tests, instruments were immersed 
in acids, and organic solvents ot elevated 
temperatures over long periods. Test condi- 
tions were tougher than likely to be encoun- 
tered in use. 


Every Kimble thermometer is individually 


mometers stay in service longer, they cost less 
than ordinary etched-stem thermometers. 

These new Kimble Exax permanent-filler 
thermometers are made in a variety of ranges, 
including those specified by the American 
Society for Testing Materials. 

Your Kimble laboratory supply dealer has 
these new, permanently marked Kimble ther- 
mometers in stock now. Consult him on your 
requirements. 


KIMBLE GLASS COMPANY 


Toledo 1, Ohio— Subsidiary of Owens-Illinois Glass Company 


| | 
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i 
This magnified shows two thermometers after two min- 
: utes’ immersion in 4% solution of sodium hydroxide. Notice ta 
how the filler has been eroded from the one on the right. Notice how o3 
fused-in filler is unaffected in the new thermometer on the left. 3% 
| 
; developed a permanent, fused-in filler for attention to suspension rings and reservoir . 
| e@tched-stem laboratory thermometers bulbs where residual heat strain might be a 
filler as resistant to chemical attack as the cause of breakage. +) 
, glass itself. Economical te use. Permanent filler plus a/5 
special processing assure a long lifetime of 
hard laboratory usage. Because Kimble ther- . 
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NOTICE TO AUTHORS OF PAPERS 


Manuscripts.—All manuscripts submitted to the 
Editor or presented to the Sections of the Assocra- 
TION should be ready for publication, typewritten 
with double spacing on one side of good quality 
paper 8.5” X 11” in size and with 1” to 1.5” margins. 
In addition to the original typewritten copy, one or 
more carbon copies should be submitted in order 
to facilitate examination by members of the Editorial 
Advisory Board or other referees. Each manuscript 
should be accompanied by an abstract of not more 
than 200 words which includes a summarization of 
conclusions and recommendations. All pages in 
manuscripts, including tables but not figures, should 
be numbered consecutively. Previously published 
and readily accessible procedures which have been 
followed in experimental work should not be made 
a part of the manuscript, but should only be referred 
to by appropriate literature references. 

Form of Presentation.—Titles of manuscripts 
should be kept as short as possible and preferably 
restricted to one line. The name of the laboratory 
in which the work described was done should be 
placed in a footnote at the end of the first page. 
Each manuscript should begin with one or more 
introductory paragraphs indicating the intention 
and meaning of the investigation and the method 


of procedure. The introduction should be followed 
by a report of the essential details of the experi- 
mental work, and a discussion or interpretation 
where necessary. Finally there should be a brief 
summary of conclusions and recommendations. 
Authors may find it helpful to arrange manuscripts 
to conform to the style of presentation as illustrated 
in papers on analogous subjects published in recent 
issues of THIs JOURNAL. 


In preparing manuscripts for publication in Tuts 
JouRNAL, center headings should be avoided as far 
as possible. Side headings followed by a period and 
dash should be indented and run into the part of 
the text to which they apply. Such side headings 
may be used as freely as desired. Literature cita- 
tions should be numbered consecutively in order of 
appearance in the manuscript and should be indi- 
cated by full-sized Arabic numerals enclosed in 
parentheses. If a literature reference is cited more 
than once in a manuscript, subsequent citations 
should be indicated by the first number assigned. 
References to footnotes throughout the text should 
be numbered consecutively by superscript Arabic 
numerals, but such references in each table should 
be designated by superscript lower case letters 
beginning with ‘‘a’’ and continuing in natural order. 
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Literature citations should be grouped at the end of 
the manuscript under the heading ‘‘References.”’ 
All bibliographic references should be checked with 
the original publications. The citations should 
be numbered consecutively with full-sized Arabic 
numerals enclosed in parentheses corresponding to 
the numbers used in the text. The names of all 
periodicals cited in the list of references must be ab- 
breviated in accordance with abbreviations given by 
Chemical Abstracts in its ‘List of Periodicals Ab- 
stracted."" The sequence followed in the citations 
must be as follows: 

(1) Doe, J. B., Am. J. Physiol., 79, 289( 1927). 

References to books should be in the order given, 
(1) author’s surname and initials, (2) title of the 
book, (3) volume, (4) edition, (5) name of publisher, 
(6) place of publication, (7) year of publication, and 
(8) page number. A complete book reference may 
be illustrated as follows: 

(1) Gilman, H., “Organic Chemistry,”’ Vol. 2, 
2nd ed., John Wiley and Sons, New York, 1943, pp. 
1236, 1252. 

Arabic numerals must be used to designate all 
definite weights, measurements, percentages, and 
degrees of temperature unless occurring at the be- 
ginning of a sentence, in which case the numeral 
and measurement are spelled out. Periods of time 
should be written in words. Unusual characters 
and Greek letters should be written plainly and 
legibly or should be explained by notes on the 
margin of the page. Fractions should be written 
with a slant line. Standard abbreviations should 
be used whenever weights and measures are stated 
in the metric system, e. g., 10 Gm., 2.5cc., etc. The 
forms to be used are: cc., Kg., Gm., mg., mm, 
em., and L. 

Figures.—All drawings should be made in India 
ink, preferably on white tracing paper or cloth. 
Original drawings are preferable, but clear, well- 
prepared glossy photographic prints are acceptable. 
The size of illustrations should not exceed the 8.5” x 
11” manuscript size. They should be designed for 
reduction to the width of one column (2.75") or 
full page width (5.5"). Thus, height rather than 
width should be accentuated where possible. 

Numbers and measurements, etc., which are to 
appear on the axes of the drawing should be indi- 
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cated in pencil outside the axes, in order that they 
may be set in type. Captions and legends should be 
placed below the diagram (not on it), or, if lengthy, 
collected on a separate typewritten list, identifying 
each by its proper figure number and including 
whatever acknowledgments are necessary. 

Photographs should never be rolled, and paper 
clips should not be used unless guarded by a piece of 
paper folded several times to prevent an indentation 
in the photograph. All drawings and photographs 
should be protected from bending and from the 
chance of having their edges torn while in transit. 
Do not write on the back of a photograph. Any 
indentation in the photograph, however slight, will 
be likely to show as a blemish in the reproduction. 
All figures submitted must be referred to in the text 
of the manuscript, and should be numbered consecu- 
tively with Arabic numerals, e. g., Fig. 1, Fig. 2, etc. 
Kymograph tracings should not be submitted with 
the original experimental legends which are likely 
to have been hastily or carelessly inscribed. Authors 
may find it worth while to employ a professional 
draftsman to make the drawings in proper form for 
reproduction. 
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so that the data presented may be understood easily. 
The indiscriminate use of tables should be avoided. 
Tables should be constructed so as to occupy fully a 
single column (2.75") which will take about 40-50 
characters and spaces. Tables which require two 
columns are also acceptable. Interpretative state- 
ments should not be written on the body of a table 
but should be explained in footnotes. Column heads 
should be made as small as possible and standard 
abbreviations should be used liberally. Data which 
may easily be deduced by simple arithmetic from 
data in another column should not be included. All 
tables should be referred to in the text of the manu- 
script. Every table and every column should be 
supplied with an appropriate heading. It is not 
necessary to place tables on separate sheets, and in 
fact it is preferable to intersperse them in the manu- 
script. Tables should be numbered consecutively 
using Roman numerals. The table number and the 
title should be placed in a continuous heading 
above the data presented. The preparation of a 
clear and concise table of data requires much plan- 
ning and infinite care. 
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He Asked Permission to Stay 


Major William E. Barber, USMC 


Medal of Honor 


Excur THOUSAND weary marines lay be- 
sieged at Yudam-ni; three thousand more 
were at Hagaru-ri, preparing a_ break- 
through to the sea. Guarding a frozen 
mountain pass between them, Major 
Barber, with only a company, held their 
fate in his hands. Encirclement threat- 
ened him; he was ordered to withdraw. 
But he asked permission to stay, and for 
five zero-cold days the company held the 
pass against attack. The Major, badly 
wounded, was carried about on a stretcher 
to direct defense. When relief came, only 
eighty-four men could walk away. But 
Major Barber's action had been decisive 
in saving a division. 


“I know,” says Major Barber, “that you 
at home realize what hard jobs our sons 
and brothers are doing in America’s armed 
forces. Maybe you haven't realized that 
you're helping those men—whenever you 
invest in U. S. Defense Bonds. True, Bonds 
are personal financial security for you. But 
they also strengthen our economy—to pro- 
duce the good arms and food and medical 
care that make our men secure.” 


Peace is for the strong! 
For peace and prosperity save with 
U. S. Defense Bonds! 


Now E Bonds pay 3%! Now. improved 
Series E Bonds start paying interest after 6 
months. And average 3% interest, compounded 
semiannually when held to maturity! Also, 
all maturing E Bonds automatically go on 
earning—at the new rate—for 10 more years. 
Today, start investing in Series E Defense 
Bonds through the Payroll Savings Plan. 


The U.S. Government does not pay for this 

advertisement. It is donated hy this publica- 

a tion in cooperation with the Advertising 

Council and the Magazine Publishers of 
merica. 
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FOR SUPERIOR PRODUCTS 
The AMERCHOLS° are natural, multi-sterol sur- 


factants and emulsifiers of the non-ionic type. - - safe 
for the most delicate tissues. They are ideal ointment 
bases since they are stable, induce rapid drug release 
and promote optimum healing rates. We know of no 
case of allergy due to an AMERCHOL.” 


MODULAN i: @ unique product resulting from the 
chemical modification of lanolin. Properties include: oil 
solubility; compatibility with o/w emulsions, soaps and 
shampoos; and the imparting of waxy, protective, 
hydrophobic films. Clinical investigations indicate that 
Modulan is hypo-allergenic.* 


* References, technical data and suggested formulations are available from 
our research laboratories. Please write on your business letterhead. 


AMERICAN CHOLESTEROL PRODUCTS, INC. 
MILLTOWN NEW JERSEY 


Our scales have no bends or wires 


Capacity—4 oz. (120 grams) and lowest priced 


Sensitivi 1/10 grain 
| light scale made 
with chrome p parts 
Price—$135.00 (subject to HENRY TROEMNER 
change without notice) Manufacturer of the Finest 
PROMPT DELIVERY Scales for the Druggist 
on this as well as other class A Since 1840 
scales 
No. W35 (all glass in 911 Arch Street 
$100.00 Philadelphia 7, Pa. 


(Send for Circular A-A) 


The Massachusetts College of Pharmacy 
Longwood Avenue, Boston 


Graduate study in Boston has always appealed strongly to students in 
the fields of medicine and public health. The environment is stimulating 
and attracts students from all parts of the world. Library, laboratory, | 


hospital, and other favilities for graduate work are outstanding in this \ 
area. 


The Massachusetts College of Pharmacy is located in this great medical and educational center. 
It offers unusual opportunities to graduates of colleges of pharmacy who are interested in fur- 
ther study in pharmacy, pharmaceutical chemistry, and pharmacognosy. 


For additional information, write to HOWARD C. NEWTON, Dean 
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A Study of the Possible Mechanism of Action of 
Pilocarpine* 


By B. W. McCASHLAND{ 


Following vagal stimulation, the perfusate 
from the heart of the turtle (Chrysemys picta) 
contains a material which is inhibitory to the 
heart of the marine mollusk, Venus mer- 
cenaria. Application of pilocarpine solu- 
tions causes the formation of a material having 
a similar action. It is suggested that the 
mechanism of pilocarpine action involves a 
stimulation of acetylcholine production by 
cholinergic nerves. 


Pnccanroce generally causes changes in be- 

havior of tissues or organs similar to those 
observed when acetylcholine is administered or 
cholinergic nerves are stimulated. The mecha- 
nism of action of pilocarpine is not definitely 
known, although two possible mechanisms have 
been considered: (a) that pilocarpine stimulates 
the receptor mechanism within the cell; or (6) 
that pilocarpine has a stimulatory effect upon the 
endings of cholinergic nerve fibers and the acetyl- 
choline formed is really the effective agent. 
Since neither possibility has been thoroughly in- 
vestigated, no definite conclusion has been 
reached as to which theory is correct. The present 
paper is concerned with such a study in an at- 
tempt to demonstrate that (6) is probably the 
correct mechanism of action. 


* Received November 5, 1952, from the Department of 
Physiology and Pharmacology, University of Nebraska, 
Lincoln. 

t This project was aided by a grant from the Research 
Council of the University of Nebraska. 

¢ The author wishes to thank Mr. A. Leroy Bookhardt 
for aid in conducting the tests. 


EXPERIMENTAL 


The turtle, Chrysemys picta, was killed by crush- 
ing the lower brain with bone forceps. The plas- 
tron was removed and the heart was exposed. The 
heart was then perfused by way of the left pulmo- 
nary vein with Ringer’s solution containing eserine 
salicylate, 3 mg./100 ml., and the perfusate was col- 
lected from a cannula introduced into the right 
carotid artery. All other veins and arteries were 
ligated. The right vagus nerve was exposed and 
the head was completely removed. 

The heart of the clam (Venus mercenaria) was 
used to test for the presence of acetylcholine in the 
perfusate collected from the carotid cannulation. 
The clams were shipped by air express, stored in a 
refrigerator at 3° immediately upon receipt, and 
used within ten days. Individuals tested showed 
sensitivity to acetylcholine concentrations as low 
as 1:100,000,000. 

One valve was removed from each clam, and the 
heart was exposed in situ. The entire animal was 
bathed in the solution recommended by Welsh and 
Taub (1). The heart was attached to a heart lever 
under a tension of 300 mg. so that a portion of the 
tissue was above the solution for the dropwise addi- 
tion of test solutions. Heart beats were recorded 
on a drum moving at a rate of 3 cm./minute. 


In collecting the perfusate from the turtle 
heart, a measured amount was added to an equal 
quantity of a salt solution made so that the final 
mixture contained salts in the same concentrations 
as those of the Venus solution. Thus, the concen- 
tration of any inhibitory material contained in the 
perfusate would be at one-half concentration when 
applied to the Venus heart. 
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First attempts to collect a perfusate from the 
turtle heart (following vagal stimulation or applica- 
tion of pilocarpine) which could be tested for an 
effect upon the Venus heart were unsuccessful. It 
was thought that acetylcholine might be destroyed 
due to prolonged contact with the turtle heart tissue 
(in spite of the added eserine), since the turtle 
heart stopped temporarily and solution ceased to 
flow for a period of time. For this reason, 0.5% 
atropine sulfate solution was applied to the turtle 
heart in order to block the action of acetylcholine but 
not its formation. Thus, the perfusate could be col- 
lected at once and its effect tested upon the Venus 
heart. 

Upon vagal stimulation of such a heart prepara- 
tion, the perfusate, collected and properly adjusted, 
caused temporary inhibition of the Venus heart, as 
shown in Fig. 1, Part A. The perfusate from a 
normally beating and untreated heart had no such 
effect. It was found that if considerable solution 
was collected during vagal stimulation and its 
effects were tested at intervals during a five-minute 
period after it was collected, the inhibitory material 
rapidly lost its activity since less response was noted 
with successive tests. 

Pilocarpine hydrochloride solution (1.0%) was 
applied in the region of the sinus of the turtle heart. 
After thirty seconds the perfusate was collected, 
properly adjusted, and applied to the Venus heart. 
Results were similar to those produced by the 
perfusate following vagal stimulation (Fig. 1, PartB). 
Rapid breakdown was again indicated by the fact 
that successive application to the Venus heart of 
samples of a large volume of collected perfusate 
had less and less effect. 

In order to test for the possibility that pilocarpine 
might be causing inhibition, 0.2% pilocarpine solu- 
tion (the calculated concentration if all pilocarpine 
had entered the heart and had been collected in the 
perfusate) was added to Venus heart in the proper 
salt solution. No effect upon the beat was ob- 
served 


DISCUSSION 


Much of the evidence which has been presented 
in support of the theory that pilocarpine itself 
acts upon the receptor mechanism within the cell 
has been based upon the observation that dener- 
vated structures show an increased sensitivity to the 


material. These observations are in accord with 
Cannon's Law of Denervation (2), which states 
that the receptor mechanism of cells innervated by 
adrenergic or cholinergic nerve fibers becomes in- 
creasingly sensitive following nerve section. A 
possible explanation of this phenomenon is in- 
creased cell permeability (3) or cholinesterase 
activity (4, 5) which may be specifically at the end- 
plate (6). Unfortunately, no mention is made in 
these papers as to whether or not the degeneration 
of nerve proceeds to include the motor end-plate. 
If this structure should persist, a means would be 
retained by which pilocarpine might still cause 
acetylcholine production 

The greatest objection to the assumption of direct 
stimulation by pilocarpine has been based upon the 
seeming dissimilarity of its molecular structure to 
that of acetylcholine. Welsh (7) describes the 
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necessity of the presence of specific groups in 
proper relation to one another in a molecule if it is 
to display an acetylcholine-like action. Lands (8) 
describes the necessity for a specific distance be- 
tween the methyl group of the cationic head and 
the terminal methyl group in order that the most 
efficient cholinemimetic action may be observed. 
Actually, there may be more similarity in the pilo- 
carpine and acetylcholine molecules than appears 
upon initial examination: 


Pilocarpine 


Comparable points are indicated by the numbers 
1, 2,3 (a, b, c), 4, 5, and 6. 

Models of the two substances may be arranged 
so that distances between positions 1 and 6 are 
approximately equal and so might fit into a macro- 
molecular receptor structure in the cell. However, 
the cationic head is obviously deficient in methyl 
groups which are essential for acetylcholine action. 
In view of this, it might be expected that a true 
cholinemimetic action by pilocarpine would be, even 
at best, exceedingly weak. 

The results presented in this paper indicate that 
pilocarpine stimulates the production of a sub- 
stance which has the same effect as the acetylcholine 
formed upon vagal stimulation. The material 
produced would have to be present as a result of 
direct stimulation, since vagal reflex pathways were 
interrupted when the head was severed. Pilo- 
carpine had no effect when applied to the clam's 
heart in the maximum concentrations which might 
be present in the perfusate, indicating that the 
action of the perfusate upon Venus heart is due to 
acetylcholine and not to stimulation by pilocarpine 
of receptor mechanisms. In additional studies in 
this laboratory, pilocarpine solutions applied to 
eserinized leech muscle caused no contraction in 
ranges from 0.01 to 0.2% concentrations. How- 
ever, 0.4% pilocarpine solution caused marked 
relaxation. Thus, it appears that the mechanisms 
involved in pilocarpine and acetylcholine action are 
quite different. 


SUMMARY 


1. A method has been described for the 
application of perfusate from a turtle (Chrysemys 
picta) heart, free of vagal reflex control, to the 
heart of the clam (Venus mercenaria) in order to 
investigate the possible presence of materials 
which have an acetylcholine-like action. 

2. The perfusate collected from the turtle’s 
heart after vagal stimulation or pilocarpine 
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Fig. 1.—Effect of the perfusate collected from the turtle heart (upper record) and 
applied to the heart of Venus mercenaria (\ower record). Time marker, five seconds. 
.A—Perfusate collected following vagal stimulation of the turtle heart. B—Effect of 
perfusate after pilocarpine had been applied to the turtle heart. 
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application caused similar results, i. e., a marked 
temporary inhibition of the clam’s heart. 

3. The inhibition of the clam’s heart was not 
due to direct pilocarpine action. 

4. It is proposed that the mechanism of 
pilocarpine action is one of stimulation of cholin- 
ergic nerve endings to produce their specific 
secretion. 
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A Bioassay of Desoxycorticosterone Acetate 
on the Rat*t 


By MILTON R. COOK, Jr.,{ and FRED ELMADJIAN 


An assay for desoxycorticosterone acetate has been developed in which male albino 
adrenalectomized rats are used as the test animal and a Perkin-Elmer flame photom- 
eter is employed to measure the electrolyte excretion in various six-hour urine 
samples. Injections of 5 cc. of 0.9 per cent sodium chloride solution and 0.5 cc. 
of 10 per cent potassium chloride solution were given at the same time as the desoxy- 
corticosterone acetate to assure the quantitative accuracy of the assay. An injection 
of 10 per cent potassium chloride solution seems to make the assay accurate quanti- 
tatively within a dose range of 6-50 ug. of desoxycorticosterone acetate, using 
potassium excretion as the indicator. 


T= biological activity of adrenal cortical 
steroids has been investigated since the 


early 1930's. Satisfactory assays (1-4) have 
been developed for the steroids whose greatest 
activity is upon carbohydrate metabolism in the 
body, but not for those whose greatest activity is 
upon electrolyte metabolism. 


* Received August 22, 1952, 
College of Pharmacy, Boston 

Presented to the Scientific Section, A. Pu. A, Philadel- 
phia meeting, August, 1952 

t An abstract of a thesis submitted to the Graduate Council 


from the Massachusetts 


of the Massachusetts College of Pharmacy by Milton R 
Cook, Jr., in partial fulfillment of the requirements for the 
degree of Master of Science in Pharmacy 

t Present address: The Worcester Foundation for Experi- 
mental Biology, Shrewsbury, Mass. 


Three major methods of assay have been pre- 
sented. The procedure of Hartman, et al. (5), 
consists of determining the decrease of urea and 
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TABLE I.—Urtnary Excretion OF SopIUM AND POTASSIUM UPON THE ADMINISTRATION OF 5 Cc. oF 0.9% 
Soprum CHLORIDE SOLUTION IN ONE-, TWo-, AND THREE-Day ADRENALECTOMIZED RATS 


No Urine,’ 

Subject Detns. Ce 8. B.¢ 
Normal 4 4.75 +0.64 
Adx.* 24 hours 7 3.34 +0.65 
Adx.* 2 days 7 5.00 +0.40 
Adx.* 3 days 7 


6.90 +1.25 


Adx. Adrenalectomized Rats. 
> Mean Average. 


ee > 
E. = — 


nitrogen in normal dogs after the administration 
of the hormone to be assayed. The method of 
Dorfman, et al. (6), employs radiosodium to 
measure sodium retention. Neither of these 
methods lends itself to routine use in most labora- 
tories. 

A method which appears accurate, inexpensive, 
and convenient has recently been developed by 
Marcus, Romanoff, and Pincus (7). The ability 
of the various adrenal cortical hormones to retain 
sodium and excrete potassium in adrenalecto- 
mized rats was measured by employing a Perkin- 
Elmer flame photometer to determine the quanti- 
ties of sodium and potassium in the urine. 

The present investigation was undertaken with 
two objectives: (a) to attempt to duplicate the 
results of Marcus, et al., by the method of the 
present authors; and (6) to determine the in- 
fluence of an injection of potassium chloride on 
the sensitivity and accuracy of the assay. Potas- 


A. 


12.5 25 50 
LOG DOSE DCA, uG 

Fig. 1.—-Urine excreted upon the administration 
of DCA and 5 cc. of 0.9% sodium chloride solution. 
l represents Standard Error; @ represents Mean 
Average. 


Sodium, Potassium,” 

Mg /Hr./100 Mg./Hr./100 
Gm. S. E.* Gm. Ss. B.¢ 
0.54 +0.13 0.75 +0.18 
1.02 +0.18 0.49 +0.10 
1.84 +0.18 1.06 +0.06 


1.88 +0.20 0.97 +0.04 


sium chloride seems to sensitize the adrenalecto- 
mized rat to the activity of desoxycorticosterone 
acetate (DCA), the hormone used in this in- 
vestigation. 


METHODS 


Male albino rats, Wistar strain, weighing 125- 
175 Gm., were used. Each rat was adrenalecto- 
mized under ether anesthesia and was maintained on 
Purina chow diet and saline solution. Food and 
saline solution were withdrawn three hours before 
the experiment. The rats’ bladders were emptied 
by etherization at the beginning and the end of the 
experimental period. The urine obtained after the 
first etherization was discarded; that obtained at 
the end was used for measurement of electrolytes. 

Injections were made as follows: (a) 5 cc. of 
0.9% sodium chloride solution was given intra- 
peritoneally to each rat; (b) 0.5 cc. of 10% potas- 
sium chloride solution was given subcutaneously 
in the nape of the neck where indicated; (c) DCA 
in peanut oil solution was given subcutaneously in 
the abdominal region. 


| 
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6 12.5 25 
LOG DOSE OCA, wG. 


Fig. 2.—Urinary excretion of sodium upon the 


administration of DCA and 5 cc. of 0.9% sodium 
chloride solution. | represents Standard Error 
@ represents Mean Average. 
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TABLE II.—Urinary ExcrETION OF SODIUM AND POTASSIUM UPON THE ADMINISTRATION OF 5 Cc. or 0.99% 


Soprum CHLORIDE SOLUTION AND DCA 


No. 

Detns. S.E? 

14 : +0.75 

Ss +0.60 

12. Ss +0.76 
25 Ss +0.37 
50 15 +0.45 


Urine,* 
Ce. 


Sodium,* Potassium,* 
Mg./Hr./100 Mg./Hr./100 
ym. Gm. 
1.86 
1.49 
1.06 
0.74 
0.96 


S. 
+0.03 
+0.14 
+0.16 
+0.18 
+0.06 


S. E.° 
+0.12 1.01 
+0.36 
+0.13 1. 
+0.03 1 
+0.07 1 


39 
15 
40 


@ Mean Average. 


bce 
n(n — 1) 


Two rats were then placed in each metabolism 
cage. The cages were made by removing the bot- 
toms of 2-gal. glass jars, O. D. 8 in., and inverting 
the jars on a wooden rack. A wire screening, 
1/,-in. mesh, served as a platform for the rats, and a 
finer-mesh wire screening was placed under it to 
collect feces. 

After six hours, the urine was collected through 
funnels into glass gas bottles, transferred to 15-cc. 
centrifuge tubes, and the volume measured. Any 
dried urine on the sides of the cages was washed into 
the gas bottles and transferred with enough dis- 
tilled water to bring the total volume up to 10 cc. 

A Perkin-Elmer Model 52-C flame photometer 
was used to measure the sodium and potassium con- 
tents of the urine samples. Each result represented 
the urine of the two rats in each cage. Results 
were expressed in mg./hour/100 Gm. of rat. 


RESULTS AND DISCUSSION 


Only two- and three-day adrenalectomized rats 
were used because they gave more consistent results 
(see Table I). 

Urine Volume.—Average urine volumes are tabu- 
lated in Tables II and III. Urine volumes de- 


POTASSIUM, MG PER HR PER 100 GM 


6 12.5 25 50 
LOG DOSE DCA, wG. 


Fig. 3.—Urinary excretion of potassium upon the 
administration of DCA and 5 cc. of 0.9% sodium 
chloride solution. J] represents Standard Error; @ 
represents Mean Average. 


creased with each increase in the dose of DCA 
between the 6- and 25-yg. dose levels, with a plateau 
at the 50-ug. dose level. The dose-response curve 
is shown in Fig. 1. 

When a dose of potassium chloride was adminis- 
tered with sodium chloride and DCA, the sensitive 
range was between 6 and 50 ug. 

It may be seen, however, that urine volume is 
not a good indicator of DCA activity because of too 
much variation. 

Sodium Excretion.—When only sodium chloride 
solution and DCA were administered, the sensitive 
range was between 6 and 25 yg. with a plateau at 
the 50-ug. dose level. A sensitive range between 
6 and 60 wg. was found by Marcus, Romanoff, and 
Pincus (7), and one between 5 and 25 yg. was 
obtained by Deming and Leutscher (8). The 
dose response curve is shown in Fig. 2. 

When potassium chloride was administered with 
sodium chloride and DCA, the sensitive range was 
between 6 and 50 wz. 

Potassium Fxcretion.—At the 6-ug. dose level 
of DCA, the animals were not protected from the 
toxic effects of potassium chloride; thus no response 
at this level is shown in the tables. 


POTASSIUM, MG PER HR PER 100 GM. 


5 12.5 25 50 
LOG DOSE DCA, wG. 

Fig. 4.—Urinary excretion of potassium upon the 
administration of DCA, 5cc. of 0.9% sodium chloride 
solution and 0.5 cc. of 10% potassium chloride 
solution. ] represents Standard Error; @ repre- 
sents Mean Average. 
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TABLE IIl.- THe URINARY EXCRETION OF SODIUM AND POTASSIUM UPON THE ADMINISTRATION OF 5 Cc. 


Dose 
DCA, No Urine,“ 
mr Detns Ce 
Control 14 6.1 
2.5 10 5.1 
25 16 1.9 
3.6 


“ Mean Average 


. 
n(n 1) 


When only sodium chloride solution and DCA 
were injected, an increase in excretion of potassium 
occurred, but was not quantitative. The dose- 
response curve is shown in Fig. 3. 

When potassium chloride was administered with 
sodium chloride and DCA, there was a more nearly 
quantitative excretion with each increase in DCA 
dosage. The dose-response curve is shown in Fig. 
4, and values are given in Tables II and ITI. 

From these results it may be seen that the re- 
sponses of sodium and potassium, especially potas- 
sium, are more quantitative and sensitive when 
potassium chloride solution, sodium chloride solu- 
tion, and DCA are injected together. 

These values were obtained with a relatively 
small number of animals at each dosage level, which 
limits the value of the results and probably in- 
creases variation. Although a larger number of 
animals would probably not change the general 
trend, less variable and more accurate values 
would undoubtedly be obtained. 


SUMMARY 


1. An attempt has been made to duplicate the 
results of a study by Marcus, Romanoff, and 
Pincus (7). 

2. It was shown that when DCA and a stand- 
ard load of sodium chloride were injected into 
adrenalectomized rats that there was a reduction, 


Sodium ,* Potassium,* 
Mg. /Hr./100 Mg./Hr./100 

Gm Ss. Gm 3. 
1.86 +0.12 Ol +£0.03 
1.52 +0.10 2.65 +0.14 
1.35 +0.02 2.84 +0.10 
1.15 +0.10 3.19 +0.21 


although not very quantitative, in urine volume 
with each increase in dose of DCA up to the 50- 
ug. dose level. There was also a decrease in so- 
dium excretion, with a quantitatively sensitive 
range between 6 and 25 ug. of DCA. Potassium 
excretion was increased but not quantitatively. 

3. A method has been described which uses a 
0.5-cc. dose of 10 per cent potassium chloride 
solution, a 5-cc. dose of 0.9 per cent sodium 
chloride solution, and varving doses of DCA. This 
method appears to increase the accuracy of 
measurement of DCA activity, using sodium ex- 
cretion and especially potassium excretion as in- 
dicators. 
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The Clinical Significance of the pH of Ophthalmic 
Solutions® 


By GLEN FLOYD, PETER C. KRONFELD, and JAMES E. McDONALD 


The clinical significance of the pH of ophthalmic solutions was determined by 
intrasubject comparison of the pharmacologic effects of drug solutions differing 
only with regard to their pH. For pilocarpine and ephedrine the conclusion was 
reached that the clinical significance of the pH of the vehicle was small unless the 
vehicle was highly neutralization-resistant and introduced in large quantity. 


T# MATTER of the optimal composition of 

ophthalmic solutions has received a good 
deal of attention in the recent ophthalmologic 
and pharmaceutic literature (1,2). The essential 
requirements are pharmacologic effectiveness, 
freedom from irritancy (unless the latter is part of 
the desired pharmacologic effect), stability, and 
sterility. Meeting all four requirements has 
proved to be a difficult problem in some instances, 
principally because a vehicle or a pH which is 
optimal from the standpoint of pharmacologic 
effectiveness may be undesirable from the stand- 
point of stability. Besides, there arises the ques- 
tion to what extent the greater effort and cost 
connected with the preparation of accurately 
buffered solutions is justified by greater pharma- 
cologic effectiveness. 

In the search for a fair compromise, clinical 
tests on human eyes offer a chance of more per- 
tinent information than pharmacologic experi- 
ments on laboratory animals. Designed to 
determine or establish pharmacologic principles, 
the mode of administration in the laboratory 
experiment often differs radically from the tech- 
niques used by the clinician or the patient him- 
self. For example, the work of Cogan and 
Hirsch (3) on the transfer of weak electrolytes 
across the cornea clearly established the impor- 
tance of the pH of the vehicle. The rate of 
transfer of pilocarpine was five times greater at 
pH 7.8 than at pH 4.5. If a similar difference in 
transfer rates could be shown to obtain under con- 
ditions of installation into the conjunctival sac 
of human eyes, it would certainly seem advanta- 
geous to adjust the pH of ophthalmic solutions as 
closely as feasible to the peak of the experi- 
mentally determined transfer curves. As Cogan 
and Hirsch realized and very clearly stated, there 
is at least one principal difference between their 


* Received February 6, 1953, fromthe Department of Oph- 
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experiments and the situation as it prevails in 
clinical ophthalmology. Cogan and Hirsch ad- 
ministered the drug by placing it inside short 
glass tubes, kept in position on the cornea by 
means of suction. Applied in this manner the 
strongly (0.1 to 0.2 M) buffered test solution did 
not come in contact with the conjunctival secre- 
tions and retained its original composition very 
closely throughout the experiment. Most tech- 
niques of topical application in clinical ophthal- 
mology entail thorough mixing of the drug with 
conjunctival secretions and incorporation into the 
precorneal film. Unless the drug is introduced 
in an overwhelmingly large quantity and in a 
strongly buffered vehicle, the factors that deter- 
mine the physiological milieu in the conjunctiva 
are likely to assert themselves and to modify 
the drug and its vehicle, in accordance with pre- 
vailing physiochemical conditions. The fairly 
narrow range of fluctuations of the pH of the 
normal conjunctival sac contents and their buffer 
quality leads one to assume the presence of such 
milieu-stabilizing factors. In most forms of 
topical administration it would seem desirable 
to facilitate the process of assimilation of the 
drug by avoiding any unnecessary disturbance of 
the milieu. 

That clinical tests have a place in the process of 
determining the optimal composition of ophthal- 
mic solutions was realized by the early workers 
in the field and, most notably by Gifford and 
Smith (4) in their study of the effect of pH upon 
the pharmacologic effectiveness of the commonly 
used alkaloids. They made a special study of 
the alkaloids homatropine, physostigmine, and 
pilocarpine in acid (pH 5.5) and “alkaline” (pH 
7.0) buffered solutions and in doses of just one 
drop, attempting to determine whether the speed 
and duration of the pupillary response were in- 
fluenced by the reaction of the medium. Ten 
“normal” patients were tested with each drug, 
the time required for the first measurable pupil- 
lary response, that for the maximal pupillary 
response, and that for a return to normal being 
recorded (Table 1). Gifford and Smith con- 
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TABLE I.—CoMPARISON oF Miortic Errect (AFTER GIFFORD AND SMITH) 


Pilocarpine nitrate 1% 


Physostigmine salicylate 
0.2% 


Time of First Time at Which 
Perceptible Maximum Miosis Duration 
Response, Is Reached, of Miosis, 
Min. Min. Hr. 


10 20 About the same 


12 25 after both 
solutions 
2 


12 23 
14 28 1'/s 


cluded that most of the alkaloids are best ab- 
sorbed as well as least irritating in a slightly alka- 
line solution of pH 7.6. For pilocarpine at least 
these findings were confirmed by Blok (5): 
“It can be demonstrated by simple comparative 
tests that alkaline pilocarpine solutions are actu- 
ally more effective than acid ones. If the left 
conjunctival sac of a test person is filled with 
0.5% pilocarpine in boric acid solution and the 
right eye with an alkaline pilocarpine solution 
of the same strength, the right eye shows the 
stronger miosis. Alkaline solutions,’ adds the 
author, ‘“‘are however much less stable than acid 
solutions.” 

The principal purpose of the present study was 
to determine more precisely than it had been 
done in previous papers the practical signifi- 
cance of the alkaline or near-alkaline vehicles for 
the commoner alkaloids. Since the differences 
in effectiveness between alkaline and acid vehicles 
had not been very marked in the series of Gifford 
and Smith, and had been obtained by using large 
quantities of vehicle and drug in the tests re- 
ported by Blok, the present writers felt that re- 
investigation of the problem with more accurate 
methods of measurement of the drug action was 
indicated. Pilocarpine seemed to be the logical 
drug for such a study since the combination of 
greatest possible pharmacologic effectiveness with 
stability and freedom from irritancy is more im- 
portant in pilocarpine than in the case of any 
other drug. It would have been most desirable 
to study the effect of pilocarpine upon the ocular 
tension in a representative group of glaucomas. 
This would have required a number of patients 
in whom the two eyes were affected in exactly the 
same manner and severity so that different pilo- 
carpine solutions could be compared simul- 
taneously. A representative group of such pa- 
tients could not be made available for this study 
Testing of two different solutions on the same 
glaucomatous eye at different times entails the 
possibility of errors due to differences in the 
phase or “mood” in which the eye happens to 
be at the time of the test. These phases are 
not producible at will and often not strictly 
definable. 


Determinations of the effect of pilocarpine 
upon the ocular tension of nonglaucomatous eyes 
seemed even less promising, principally because 
of its inconstancy and smallness. From a thor- 
ough study of these effects Fanta (6) concluded 
that ‘the drop in ocular tension is the least con- 
stant one of all the effects of topically applied 
pilocarpine."’ It was therefore decided to follow 
the procedure chosen by Gifford, Smith, and 
Blok and to make the response of the pupil the 
criterion of pharmacologic effectiveness of the 
drug. 


METHOD OF EXAMINATION 


The study, consisted essentially of measurements 
of the horizontal pupillary diameters of human eyes 
under the influence of topically applied drugs. 
The patients selected for the study had normal eyes 
except for the presence, in some cases, of early stages 
of senile cataract, or of healed choroiditic or other 
minor, posterior segment lesions. The anterior seg- 
ments were free of congestion or irritation. The 
light reflex and the near reaction of the pupils were 
within normal limits. 

The measurements were made in a dark room with 
an apparatus that consisted of a Zeiss slit lamp in 
which the illuminating system had been replaced 
with the microscope lamp of the Spencer Company. 
By means of a metal collar around the cooling system 
of the lamp the emission of any stray light was pre- 
vented. Over the diffusing cap of the lamp a red 
filter transmitting infrared and visible red of wave 
length longer than 660 my was placed. Mounted 
on the illuminating arm of the slit lamp, the position 
of the lamp was readily adjustable. A distance of 
about 10 inches was maintained between the exami- 
nee’s malar prominence and the front of the lamp. 
During the measurements the microscope and the 
lamp were placed at an angle of 90°, with the exami- 
nee’s visual axis approximately bisecting this angle. 

The examiner rendered himself dark-adapted by 
wearing dark red goggles of the type used by radiolo- 
gists in preparation of fluoroscopy, for a period of 
one hour prior to the beginning of the experimental 
work. The measurements were begun about ten 
minutes after the examinees had been brought into 
the thoroughly darkened examining room. The 
patient was placed in front of the modified slit lamp 
and his gaze was directed toward and maintained on 
a small orange neon bulb, located approximately 
twenty feet away. Only a minimal accommodative 
miosis occurred from this method of fixation. The 
microscope lamp was then turned on and the aper- 
ture opened fairly widely. It was directed toward 
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the eye to be measured and the pupil brought into 
accurate focus with the biomicroscope. The illu- 
mination was then gradually reduced by means of 
the iris diaphragm of the lamp until the pupillary 
margin became indistinguishable from the lens. 
The light was then very slowly increased until a 
contrast between these two structures could be 
observed. At this point the size of the pupil was 
measured as it was seen to overly the eye piece 
graticule. The average of three immediately con- 
secutive readings was taken to represent the apparent 
pupillary diameter at the particular time. Three 
such readings were taken every ten minutes. If 
three consecutive averages fell within +0.5 mm. of 
their mean, that mean was considered to be the base 
line or initial pupillary diameter, d;. The drug was 
then applied by instillation. The site of the appli- 
cation in Series 1 through 4 (see Table IV) was the 
upper bulbar conjunctiva. By placing the ex- 
eminee’s head and eyes appropriately, the drug 
solution was made to run fairly rapidly down, the 
cornea. The amount of fluid instilled in these tests 
was 0.5cc. In Series 5 and 6 two drops of the drug 
solution were instilled into the lower fornix. The 
examinee was advised to blink normally after all 
instillations. Each individual test consisted of the 
practically simultaneous application to the two eyes 
of the examinee of two solutions differing principally 
in their pH. 

This method was found suitable for measurements 
of the rate of change in pupillary width under the 
early influence of the drug as well as of the maximal 
effect obtained. Measurements of the duration of 
the drug effect required observation for several 
hours. It was found impractical to keep the ex- 
aminee continuously in the dark for periods exceeding 
three hours. That period in most instances was not 
long enough to observe with certainty the first signs 
of a diminution in drug-effect. Several modifica- 
tions of the original method were tried without avail, 
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estimates of the wearing-off process could be de- 
rived from hourly measurements which were made in 
a limited number of hospital inpatients. After the 
maximum effect had been reached and observed 
for one hour, the patient was permitted to leave the 
dark room and to resume his hospital routine. 
Hourly measurements of the pupillary width were 
continued, each measurement being preceded by a 
ten minutes’ stay in the dark room. 

The effect of the pH of the vehicle was determined 
for pilocarpine and ephedrine. The alkaloid was 
administered in two different vehicles to groups of at 
least 12 patients each, the solution with lower pH 
(solution A ) being applied to the right and that with 
higher pH (solution B) applied to the left eye in 
the same sitting. Table II shows the composition 
of the various solutions. 

In all six series, solution B was the more physio- 
logic one in the sense that its pH corresponded 
closely to that prevailing in the natural contents of 
the conjunctival sac. Solution A differed from its 
corresponding solution B principally with regard 
to the pH, the osmotic pressure of the two solutions 
having been equalized by means of neutral salts. In 
Series 1 the vehicles were sodium chloride and 
sodium bicarbonate solutions of equal osmotic 
pressure. In Series 2 the acid buffer solution of 
Gifford and Smith, essentially a 0.2 M or 1.24% 
boric acid solution, served as the acid vehicle. Its 
basic counterpart was the boric acid-borate buffer 
of Gifford and Smith. In all other series phosphate 
buffer mixtures provided the desired pH. 

The relative acidity of the three solutions A is 
demonstrated by their titration curves which rep- 
resent the change in pH occurring as the result of the 
addition of measured amounts of a strong base. 
Such titration curves indicate the resistance that the 
drug solution offers to a change in pH toward the 
alkaline side, that is in the direction of the pH of the 
milieu into which the drug solutions are introduced 


that is without arriving at consistent measurements 
of the duration of the maximal drug effect. Rough of Series 3 to 6 offers the greatest and that of Series 


by the clinician. 


Figure 1 shows that solution A 


TABLE II.—-THe Drucs, CONCENTRATIONS, AND VEHICLES USED* 


Drug 
Pilocarpine HCl 
10 


Pilocarpine HCl 


Pilocarpine HCl 
1% 


Pilocarpine HCl 
0.2% 


Pilocarpine HCl 
1% 


Ephedrine HCl 
4% 


Vehicle A 
Saline diluted to isotonic- 
ity with B 
pH = 4.55-4.65 
0.2 M boric acid in 0.1 M 
potassium chloride 
pH = 4.15-4.25 


0.067 M phosphate 
buffer mixture in 0.103 
M sodium chloride 

pH = 4.61-4.65 

0.067 M phosphate 
buffer mixture in 0.103 
M sodium chloride 

pH = 4.61-4.65 

0.067 M phosphate 
buffer mixture in 0.103 
M sodium chloride 

pH = 4.61-4.65 

0.067 M phosphate 
buffer mixture in 0.103 
M sodium chloride 

pH = 4.61-4.65 


Vehicle B 

— bicarbonate 0.08 

pH = 6.90-7.30 

Boric acid-borate buffer in 
0.1 M potassium chlo- 
ride 

pH = 6.55-7.40 

0.067 M phosphate 
buffer mixture in 0.103 
M sodium chloride 

pH = 6.90-7.20 

0.067 M phosphate 
buffer mixture in 0.103 
M sodium chloride 

pH = 6.90-7.20 

0.067 M phosphate 
buffer mixture in 0.103 
M sodium chloride 

pH = 6.90-7.20 

0.067 M phosphate 
buffer mixture in 0.103 
M sodium chloride 

pH = 6.90-7.20 


@ The pH values quoted refer to the complete drug solution. 
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Fig. 1.—The titration curves of 1% pilocarpine 

hydrochloride in three vehicles, saline, boric acid 

and 0.067 M phosphate. To 10 cc. of each of these 

were added the amounts of 0.1 N NaOH indicated 

on the abscissa and the pH measured electro- 
metrically. 


2 the second greatest resistance, while that of Series 
1, pilocarpine in diluted saline is most easily, that is 
with the smallest amount of base, converted into 
an alkaline solution. 


RESULTS 


Graphic recordings of the tests reveal that the 
miosis progressed at first rapidly and then more 
slowly (Fig. 2). A maximum was reached and main- 
tained for several hours. The average pupillary 
diameter during this maximum (dy) could be deter- 
mined quite accurately as the mean of from six to 
twelve readings. The time necessary to reach 
the maximum was less definite since it depended 
upon single measurements. The duration as well 
as the wearing-off of the miosis or mydriasis were 
even less amenable to accurate measurement. 
This, as stated before, was partly due to the method 
used and partly due to the interference of pupillo- 
motor factors not related to the drug. 


8 
7 
1% pilocorpine HCI 
SF 
= 4} 
a 
a 
sb 
Time 


Fig. 2.--A typical test of Series 2, an intrasubject 
comparison of boric acid (solution A) and a boric 
acid-bicarbonate mixture (boric acid-borate buffer, 
solution B) as vehicles for 1% pilocarpine hydro- 
chloride. The latter produced the higher degree of 
miosis. 
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Fig. 3.—The course of miosis produced by 0.5 and 
1% pilocarpine in the same vehicle and in the same 
eye 


The method was first tested (a) by determining 
the test-retest consistency under experimental 
conditions intended to be identical, and (+) by deter- 
mining the effect of changes in concentration of the 
drug, all other factors being kept identical. Tests 
with 1°, pilocarpine hydrochloride in vehicle B 
of Series 2, repeated on the same individual, revealed 
the following values for the coefficient smallest 
pupillary diameter attained (dy) divided by the 
initial pupillary diameter (d;): 6.60, 0.62, 0.64, 
0.65, 0.68, 0.70, 0.70, 0.72. The arithmetic mean of 
this series was 0.658 with a standard error of +0.01. 
The range of variations observed was +10°% of the 
mean. 

The sensitivity of the method was tested by com- 
paring the pharmacologic effect produced by dif- 
ferent drug concentrations in the same vehicle on the 
same individuals. 

A typical example of the course of the miosis pro- 
duced by a 0.5 and a 1°% solution of pilocarpine 
hydrochloride is shown in Fig. 3. The time to reach 
the maximum was the same for the two solutions in 
the instance shown and did not differ significantly in 
all other instances of such comparisons. The dura- 
tion of the maximal effect was characteristically dif- 
ferent in that the effect of the 0.5°% in most in- 
stances started to wear off before the end of the 
three-hour stay in the dark room, whereas the effect 
of the 1° solution was still maximal at the end of 
that period. 

Figure 3 shows a decided difference in the degree 
of miosis attained by the two strengths of pilo- 
carpine. This difference was studied further on two 
volunteers whose responses to pupillomotor drugs 
were well known from other experiments. With the 
vehicles of Series 2 the response to 0.5° and that to 
1% pilocarpine was determined three times at 
weekly intervals. Thus the eight sets of three co- 
efficients of miotic effects each listed in Table III 
were obtained. Dividing the means for the 0.5°% 
solution into the corresponding means for the 1°; 
solution, four ratios are obtained which express the 
difference in drug effect due to the difference in drug 
concentration. These ratios are 1.23, 1.15, 1.22, 
and 1.30. The arithmetic mean of these four ratios 
is 1.23. In simpler terms the 0.5°% solution may 
be said to produce, on the average, a 20°) less miosis 
than the 1°) solution. 
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TABLE Ill. —~CaL IBRATION OF THE METHOD V with Two DIFFEREN T STRENGTHS or Pir OCARPINE 


Solution A, Solution B. Solution A, Solution B, 
Left Eye Right Eye Left Eye Right Eye 
} 0.5%  pilocar- 0.65, 0.60, 0.62 0.60, 0.62, 0.59 0.58, 0.54, 0.50 0.50, 0.51, 0.54 
| pine HCl 
1°, pilocarpine 0.56, 0.51, 0.46 0.50, 0.55, 0.50 0.46, 0.44, 0.438 0.40, 0.40, 0.40 
HCl 
E IV. —PHARMAC: ILOGIC RESUL LTS OF _EXPERIME NTS 
Mode of - Effect 
I} Series Instillation Vehicle A Vehicle B 


From above 565 + 0.025 0.535 + 0.028 


| Pilocarpine HCl 0.5 ce. 
1¢ 


2 Pilgcarpine HCl 5 ce. From above 571 + 0.023 503 + 0.016 


Piloarpine HCl bce From above 575 + 0.025 510 + 0.022 


Pilocarpine HCl .8 ce. From above 795 + 0.0385 720 + 0.030 


0.2 


Ephedrine HCl 2 drops Into lower fornix 


4% 


The preliminary tests also indicated no demon- 
strable loss of pharmacologic activity of pilocarpine 
and ephedrine solutions stored at +8° for periods 
of two months. 


The preliminary tests brought out a decided in- 
dividual factor as well as a marked dependence of 
the degree of miosis upon the initial width of the 
pupil, the change in pupillary width under the in- 
fluence of a miotic drug being more pronounced in 
eyes with initially wide pupils and vice versa. 
In the light of this observation the expression of the 
pharmacologic effect in terms of the previously intro- 
duced coefficient dy/d; appeared appropriate and 
is, therefore, used throughout this paper. The time 
to reach the maximum effect as well as of the dura- 
tion of the effect, since they could only be estimated 
very roughly, are only used as secondary criteria of 
the drug effect. 


The results of all six series of tests are given in 
Table IV. To assess properly the effect of each 
vehicle the individual coefficients of pharmacologic 
effect in each group are represented by their arith- 
metic means with their standard errors. Decided 
superiority of one vehicle over another should mani- 
fest itself by a statistically significant difference 
between the means of the coefficients of pharmaco- 
logic effect. Because of the marked individual 
factor encountered in this work, intrasubject, that is 
‘“‘intraseries’’ comparisons, are much more reliable 
than comparisons of the means of different series 
Of the six intraseries differences listed in Table 1V 
only those of Series 2 and 3 are statistically signifi- 
cant. The meaning of this statistical significance 
is that the odds are 19 to 1 against the differences 
between the means of Series 2 and 3 being due to 
chance factors. In other words, these differences 
are most probably real, that is, express a real superi- 
ority of vehicle B over vehicle A. The differences 
between the means of Series 1, 4, 5, and 6 are statis- 
tically insignificant and probably due to chance 
factors. 


Piloc arpine HCl 2 drops Into lower fornix 


610 + 0.027 0.605 + 0.025 


402 + 0.036 1.439 + 0.030 


In none of the six series could any statistically 
significant difference between the times necessary 
to reach the maximal effect or the estimated dura- 
tions of the latter be demonstrated. 

It appears justifiable to draw the conclusion that 
vehicles of near-physiologic pH are of no decided 
clinical superiority over more acid vehicles unless 
the acid vehicle offers a strong resistance to neutrali- 
zation and is applied in an overwhelming quantity. 

The greatest differences in drug effect attributable 
to the vehicle that were observed in this work, 
amount to about 12°, of the mean, which is prob- 
ably equivalent to a reduction in the effect of pilo- 
carpine from that of a 1°% to that of a 0.75°; solu- 
tion. The relative loss in efficiency due to a highly 
neutralization-resistant vehicle or the relative gain 
due to vehicle of near-physiologic pH is, therefore, 
very small and of little practical significance. 
Under conditions of ordinary clinical practice where 
the usual dose of a drug solution is about two drops, 
even a highly neutralization-resistant vehicle does 
not appreciably interfere with the action of the drug. 
All observations recorded here are compatible with 
the view that the buffer capacity of the tears which 
was demonstrated and estimated by Hosford and 
Hicks (7) is operative and highly effective in ad- 
justing the pH of a drug solution to prevailing con- 
ditions. This natural process of adjustment prob- 
ably favors the absorption of most of the alkaloids 
commonly used in ophthalmology. The vehicles 
for these alkaloids should not be too resistant to 
this process of adjustment. 
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Para-Aminosalicylic Acid and Sodium Para- 
Aminosalicylate: Potentiometric Titrations 


in a Nonaqueous Medium* 


By ALBERT Q. BUTLER and JAMES C. RAMSEY, Jr. 


A method is reported for the assay of para-aminosalicylic acid and its sodium salt by 


a potentiometric titration in a nonaqueous medium, involving the titration of the 
sample with perchloric acid in glacial acetic acid. When the end point is approached, 
carbon tetrachloride is added to precipitate the products of the reaction and thereby 


sharpen the end point. 


I’ RECENT YEARS para-aminosalicylic acid (PAS) 

(4 amino-2-hydroxybenzoic acid) and sodium 
para-aminosalicylate (sodium PAS) have been 
widely used in the treatment of tuberculosis. 
The medicinal use of these substances has made 
the adoption of standard methods of analysis 
necessary. Despite much investigation, available 
assay methods of the active ingredient determina- 
tion still leaves much to be desired. 

Results of assays of samples of PAS and sodium 
PAS by each of three methods have recently been 
reported by the Subcommittee on Para-amino- 
salicylic Acid Standards, the Combined Contact 
Committee, the American Drug Manufacturers 
Association, and The American Pharmaceutical 
Manufacturers’ Association. The methods em- 
ployed were a nitrite titration, an ultraviolet ab- 
sorption method, and titration by an acid (for 
sodium PAS) or by a base (for PAS). Of these 
three methods, the procedure involving nitrite 
titration was recommended by the Subcommittee 
and was adopted by the Contact Committee to be 
referred to the United States Pharmacopeia and 
the National Formulary. 

The nitrite method consists of a titration in acid 
solution with a standard sodium nitrite solution. 
The end point is the “immediate” production of a 
blue color when a glass rod dipped into the 
titrated solution is touched on starch iodide test 
paper. The easy oxidation of the acidified iodide 
by air (hence the necessity for the word “‘im- 
mediate’) and the use of an outside indicator are 
inherent sources of error, which lead to varying 
results by different operators. For example, 
assays of one sample of PAS varied from 96.5 to 
101.3 per cent, as reported by members of the 
Subcommittee. 

It was believed that an improved method of 
assay might be developed, based on an entirely 
different principle. Organic bases, such as 


* Received October 14, 1952, from the Mallinckrodt 
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The average deviation is of the order of +0.2. 
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amines, basic heterocyclic nitrogen compounds, 
amino acids, and amino alcohols, are often too 
weakly basic to permit satisfactory titration in 
an aqueous solution. However, when dissolved in 
an appropriate nonaqueous solvent, such a com- 
pound may become a strong base, amenable to 
titration (1, 2) either potentiometrically or with 
an indicator. The exact effect of any solvent, 
pure or mixed, on the basicity of any substance 
cannot be predicted exactly, but must be deter- 
mined experimentally (3). 

As both of the compounds under investigation 
contain amine groups, it was believed that they 
could be titrated accurately in a nonaqueous 
medium, if the proper solvent or mixture of sol- 
vents could be found. 


EXPERIMENTAL 


The instrument used was a Beckman Model H-2 
line-operated pH meter, with one glass and one 
calomel electrode and a bridge of 3% agar in satu- 
rated potassium chloride solution. The bridge pro- 
vided a larger interface between the aqueous potas- 
sium chloride solution and the nonaqueous medium 
than was furnished by the capillary opening of the 
calomel electrode, thus eliminating erratic potentials. 
The titrant was 0.1 N perchloric acid in glacial 
acetic acid (4), standardized against primary stand- 
ard potassium acid phthalate (5). 

A potentiometric titration of a sample of PAS 
dissolved in glacial acetic acid gave a titration curve 
with a poorly defined end point, as shown in Fig. 1. 
It was believed that this end point might be made 
more distinct if some medium could be found in 
which the product was relatively insoluble (4). 
Mixtures of either acetic acid and carbon tetra- 
chloride or acetic acid and benzene were found to 
fulfill this condition. The former was used through- 
out this work because of better characteristics of 
the precipitate. All reagents used were Mallinc- 
krodt Analytical Reagent grade. 


ASSAY PROCEDURE 


Weigh accurately about 0.6 Gm. of undried PAS, 
or about 0.3 Gm. of sodium PAS, dried for five 
hours at 105°, and place in a 250-ml. beaker. Add 
from a burette sufficient 0.1 N perchloric acid in 


i 
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glacial acetic acid to neutralize about 90% of the 
sample. Stir until the solid dissolves, warming 
slightly if necessary. Add about 70 ml. of carbon 
tetrachloride and stir until a precipitate forms and 
coagulates. Continue the titration by 0.1-ml. in- 
crements to a potentiometric end point, using one 
glass and one calomel electrode with a bridge of 3% 
agar in saturated potassium chloride solution. 
Correct the sample weight of PAS for its water 
content, as determined by a Karl Fischer titration. 

One ml. of 0.1 N perchloric acid is equivalent to 
0.0153 Gm. of PAS or 0.008756 Gm. of Sodium 
PAS. 


DISCUSSION 


Samples from four different commercial lots of 
each of the two chemicals were obtained. Part of 
one lot of sodium PAS was recrystallized twice 
from hot alcohol. A sample of crude PAS was avail- 
able from previous investigations. Part of it was 
dissolved in a saturated solution of sodium carbon- 
ate, and treated with activated charcoal. The 
solution was then filtered and the PAS was precipi- 
tated with glacial acetic acid. The precipitate so ob- 
tained was treated again by the same process. The 
PAS was then recrystallized twice by dissolving in 
acetone and precipitating with water. The prod- 
uct, a pure white powder, was dried for four hours 
in a vacuum desiccator over phosphorus pentoxide 
All eleven samples were then assayed by the sug- 
gested procedure. 


85 90 95 100 
Per Cent of Sample Titrated 


Fig. 1.—Typical titration curves. A, PAS in 
glacial acetic acid. B, PAS in glacial acetic acid and 
carbon tetrachloride. C, Sodium PAS in glacial 
acetic acid and carbon tetrachloride. 
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Typical potentiometric titration curves are shown 
in Fig. 1. Indicators such as methyl violet and 
crystal violet, gave poor end points. 

Salts of weak acids will interfere with this method 
of assay, as such salts may also be titrated poten- 
tiometrically (3, 5). Other amines present will, of 
course, interfere by reacting quantitatively (1, 2). 

No reference standard of either drug is available. 
However, an assay by this method of another aro- 
matic primary amine, U. S. P. Sulfanilamide Refer- 
ence Standard, Control F, indicated a high degree 
of accuracy. This material is considered to be 100% 
pure, according to the U. S. P. Reference Standards 
Booklet. 

Precisions in the assays were much beyond those 
ordinarily obtained by the usual nitrite titration. 
All results are shown in Table I. 


TABLE I.—ReESULTS OF ASSAYS BY TITRATION IN 
NONAQUEOUS MEDIUM 


Av. 
Deviation 


No. Deter- 


Assay, 
minations % 


Substance 
PAS 
Lot 1 
Lot 2 
Lot 3 
Lot 4 
Lot 5 (Crude) 
Lot 5 (Re- 
crystallized) 
Sodium PAS 
Lot 1 
Lot 2 
Lot 3 
Lot 4 
Lot 4 (Re- 
crystallized ) 
Sulfanilamide 
. U. S. P. Refer- 
ence Stand- 
ard 


+0.1 
+0.1 
+0.1 
+0.1 
+0.2 


ho 


+0.1 


+0.3 
+0.2 
+0.1 
+0.2 


+0.2 


SUMMARY 


1. PAS and sodium PAS were titrated po- 
tentiometrically with 0.1 N perchloric acid in 
glacial acetic acid in an acetic acid-carbon tetra- 
chloride medium. 

2. The average deviation of the titration was 
of the order of +0.2. 

3. Titration by the same method of another 
aromatic amine, U. S. P. Sulfanilamide Ref- 
erence Standard, Control F, indicated a high de- 
gree of accuracy. 
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(fhe hydrochloride salts of 8-diethylamino- 
ethyl, 4-morpholinoethyl, and piperidino- 
ethyl esters of crotonic acid were prepared. 
None of these salts had been reported pre- 
viously. Three new esters, diethylamino- 
propyl sorbate, 4-morpholinoethyl sorbate, 
piperidinoethyl sorbate, and the previously 
reported diethylaminoethyl sorbate were 
prepared. Vinylacrylic acid and its amino 
alcohol have also been studied. 


most often synthesized for local 

anesthetic purposes are the alkylaminoal- 
kanol esters of aromatic acids. In most com 
pounds having local anesthetic activity, the car- 
bonyl group is attached to a conjugated system 
(1); e. g., procaine, an ester of p-aminobenzoic 


However, when a methylene group separates the 
carbonyl of the ester from the conjugated system 
of the aromatic phenyl group, as is the case with 
esters of phenylacetic acid, no local anesthetic 
activity is observed (1). In contrast, it has been 
pointed out that the alkylaminoalkanol esters of 
cinnamic acid possess local anesthetic activity 
(2). Therefore, it has been postulated that local 
anesthetic activity is due, at least in part, to the 
conjugation of the carbonyl group being attached 
to a conjugated system (i. e., aromatic nucleus). 
It has been shown that alkylaminoalkanol 
esters of simple saturated aliphatic acids exert no 
local anesthetic effect (3). However, when alkyl- 
aminoalkanol esters are prepared from un- 
saturated acids which have a double bond at- 
tached to the a-carbon atom, they show a 
definite local anesthetic effect (4). This type of 
compound is represented by the diethylamino- 
ethanol ester of acrylic acid (4). The local 
anesthetic activity of this compound, as com- 
pared to that of esters of aromatic acids, is 
thought to be due to conjugation of the carbonyl 
group with the olefinic double bond of the un- 
saturated acid. None of the unsaturated ali 
phatic acid esters have shown sufficient local 
anesthetic activity to be of practical value. 
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Aminoalcohol Esters of Crotonic Acid** 


By TONY EVERETT JONES] and CHARLES O. WILSONS 


Crotonic acid, CH;CH==CHCOOH, has both 
liquid and solid forms. The solid is trans-2-bu- 
tenoic acid, which is crotonic acid in a strict sense. 
It is colorless, melts at 72°, and has a boiling point 
of 189°. The liquid form is the stereoisomeric 
cis-2-butenoic acid. This is a colorless liquid 
that forms crystals at 14° and has a boiling point 
of 172°. All reports on the preparation of cro- 
tonic acid are modifications of the synthesis made 
by Kekulé (5). 

Crotonic acid has been studied extensively in 
the field of polymers and in the manufacture of 
threonine and vitamin A. The diethylamino- 
ethanol esters of 2-chlorocrotonic acid and 3- 
aminocrotonic acid have been prepared (6). 
These compounds were tested and found to 
possess no local anesthetic activity (Table 1). 


EXPERIMENTAL 


Crotonic Acid Chloride.This compound was 
prepared according to the method of Auwers and 
Wissebach (7) from crotonic acid! (20 Gm.) and 
thionyl chloride (40 cc.). The crude product was 
distilled at 40-43°/20 mm. The crotonic acid chlo- 
ride was a colorless oil-like liquid that formed crys- 
tals at 0°. The liquid was dried in the presence of 
soda lime for two hours and then was redistilled at 
42-45°/20 mm. Consistent yields of 37% were ob- 
tained. 

2-Diethylaminoethyl Crotonate Hydrochloride. 
Crotonic acid chloride (10 Gm. ) dissolved in dry ben- 
zene (20 cc.) was cooled in an ice bath and a solution 
of 2-diethylaminoethanol' (5 Gm.) in dry benzene 
(10 cc.) was added slowly. A white crystalline prod- 
uct formed when all of the aminoalcohol and ben- 
zene solution had been added. The crude product 
in benzene was refluxed for two hours. White crys- 
tals formed in the beuzene solution after cooling. 
A yield of 4.6 Gm. (51%) of a crystalline compound 
with a melting point of 102-104° was obtained. 
The product was recrystallized from hot benzene: 
m. p., 103-105°. 

2-(4-Morpholino)-ethanol. This aminoalcohol 
was obtained by a modification of the method by 
Leffler and Brill (8). 4-Morpholine (62 Gm.) and 
ethylene chlorohydrin (60 Gm.) were dissolved in 
benzene (120 cc.) and refluxed for two hours. The 
crystalline product that formed was removed by 
filtration and dissolved in a saturated solution of 
potassium hydroxide in alcohol (50 cc.). After 
filtering off the potassium chloride that formed, the 
alcohol solution of the amine was distilled. The 
free aminoalcohol was collected at 100—130°/30 
mm. The product, a brownish, thin, oil-like liquid 
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TABLE I.—-ESTERS 
Oo 


~ EDITION 


Croronic Acip* 


R—O—C—CH=CH—CH; 


Yield, 
© 


103-105 
144-146 
140-142 


HCl 
HCl 


51 
28 
26 


sad All melting and boiling points are uncorrected. : 


was obtained in a yield of 60 Gm. (61%). The com- 
pound was redistilled at 130-132°/30 mm. with a 
yield of 52%. 

2-(4-Morpholino)-ethyl Crotonate Hydrochlo- 
ride.—-Crotonic acid chloride (10 Gm.) was dis- 
solved in dry benzene (20 cc.) and a solution of 
2-(4-morpholino)-ethanol (5 Gm.) in dry benzene 
(10 ce.) was added slowly. This solution was re- 
fluxed for one hour and became filled with a crystal- 
line product. After the solution had cooled, the 
crystals were removed by filtration. A yield of 2.6 
Gm. (28%) was obtained; m. p., 144-146°. After 
recrystallization from absolute alcohol (5 cc.) and 
dry ether (10 cce.), the melting point was still 144- 
146°. 

2-(1-Piperidino)-ethanol.—This compound was 
prepared from a modification of the method used by 
Leffler and Brill (8). Piperidine (63 Gm.) and ethyl- 
ene chlorohydrin (60 Gm.) were dissolved in benzene 
(100 ce.). The solution was refluxed for two hours 
and fifteen minutes. The crystals that formed 
throughout the solution were removed by filtration 
and dissolved in a saturated solution of potassium 
hydroxide in alcohol (50 cc.). The potassium 
chloride precipitate was removed by filtration, and 
the free aminoalcohol solution was distilled under 
reduced pressure (28 mm.). The distillate, a liquid 
with a slight brownish color, was collected at 100—- 
145°/28 mm. A yield of 52 Gm. (70%) was ob- 
tained. The compound was redistilled at 140-145°/ 
28 mm. with a yield of 54%. 

2-(1-Piperidino)-ethyl Crotonate Hydrochlo- 
ride.—-Crotonic acid chloride (4 Gm.) was dissolved 
in dry benzene (10 cc.), and to this solution was 
added a solution of 2-(1-piperidino)-ethanol (3 Gm.) 
dissolved in dry benzene (10 cc.). A white crystal- 
line precipitate formed after the two solutions were 
mixed. The crystalline product was removed by 
filtration and dissolved in a 30% aqueous sodium 
hydroxide solution (3 ce.). Ether (30 cc.) was used 
to extract the free amine from the aqueous solution, 


-——-Carbon, —-Hydrogen, %—. 
Caled. Found Caled. Found 
54.06 53.42 9.28 
50.85 50.65 7.70 
56.89 56.97 8.79 


Formula 
CsH,;O.NCI 
CwH NCI 
Cy H»O.NCl 


9.09 
7.63 


8.62 


and the ethereal solution was dried over anhydrous 
sodium sulfate and then filtered. Dry hydrogen 
chloride in an anhydrous ether solution was added 
and a white crystalline precipitate formed immedi- 
ately in a yield of 1.2 Gm. (26%). The product, 
recrystallized from absolute alcohol (6 cc.) and 
anhydrous ether (10 cc.), melted at 140—142°. 


DISCUSSION 


2-Diethylaminoethyl crotonate hydrochloride pos- 
sessed hygroscopic properties when purified by 
recrystallization from absolute alcohol and anhy- 
drous ether, but when recrystallized from benzene, 
the compound was stable. 

The 2-(4-morpholino)-ethanol and 2-(1-piperi- 
dino)-ethanol esters of crotonic acid hydrochloride 
were stable compounds when recrystallized from 
absolute alcohol and anhydrous ether. 

None of the compounds have been tested pharma- 
cologically. However, no evidence of local anes- 
thetic activity was observed when small amounts of 
each ester were placed on the tongue and lips. 


SUMMARY 


The hydrochlorides of 2-diethylaminoethyl, 2- 
(4-morpholino)-ethyl, and 2-(1-piperidino)-ethyl 
crotonate were prepared. 
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A report is given of the preparation of three 

new esters of sorbic acid, diethylaminopropyl 

sorbate, 4-morpholinoethyl sorbate, and 

piperidinoethyl sorbate, and of one previ- 

ously reported sor- 
te. 


T= opyect of the work reported here was to 

investigate and prepare a number of dialkyl- 
aminoalkanol esters of a higher unsaturated acid 
than crotonic acid (1). Therefore, sorbic acid 
was chosen for study. 

In the aminoalcohol esters of sorbic acid, the 
carbonyl group is attached to a conjugated 
system, a condition which seems necessary in 
order for a compound to possess local anesthetic 
activity (2-5). Aminoalcohol esters of un- 
saturated aliphatic acids do show local anesthetic 
activity (6). Sorbic acid (mol. wt. 112) ap- 
proaches benzoic acid (mol. wt. 122) in the size 
and number of its double bonds. 

Lott (7) worked with aminoalcohol esters of 
sorbic acid and synthesized the following com- 
pounds: 2-diethylaminoethyl sorbate, 2-(methyl- 
phenethylamino)-ethyl sorbate, N-(2-diethyl- 
aminoethyl sorbamide, 1-dimethylaminopropyl 
sorbate, and 1-diethylamino-2,2-dimethylpropyl 
sorbate. The methods used for preparing these 
esters are reported in a patent (7). Each com- 
pound was tested for local anesthetic activity, 
but no results of this work have been published. 
However, Lott's report stated that compounds 
of this type are characterized by valuable local 
anesthetic properties (7). 

Sorbic acid, CH;—CH=CH—CH=CH— 
COOH, is a colorless solid with a melting point 
of 134° and a boiling point of 228°. Menschut- 
kin (8), in 1880, was the first to prepare the acid 
and prove its structure. Sorbic acid has been 
studied extensively in the field of polymers, and 
various esters have been prepared and reported 
in the literature. 
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Aminoalcohol Esters of Sorbic Acid’ 


By TONY EVERETT JONES{ 
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and CHARLES O. WILSONS 


EXPERIMENTAL! 


2-Diethylaminoethyl Chloride.—This compound 
was prepared according to the method of Slotta and 
Behnisch (9) from 2-diethylaminoethanol (10 Gm.), 
thionyl chloride (20 Gm.), and dry benzene. The 
solution was refluxed for two hours and the benzene 
solution became filled with crystals. The crystal- 
line product was treated with 5 cc. of 30% sodium 
hydroxide aqueous solution, and 50 cc. of ether was 
added to extract the free base. The ethereal solu- 
tion was dried over anhydrous sodium sulfate and 
the ether was removed from the free base under 
reduced pressure. The base, a thick, colorless, oil- 
like liquid, was distilled at 52-58°/20 mm., giving 
a yield of 9 Gm. (82%). 

2-Diethylaminoethyl Sorbate Hydrochloride.— 
2-Diethylaminoethyl chloride (5 Gm.) was dis- 
solved in 20 cc. of dry benzene and 8 Gm. of sorbic 
acid? was dissolved in 30 cc. of dry benzene. After 
the solution was refluxed for three hours, a precipi- 
tate formed. The solid precipitate was treated with 
1 ce. of 30% sodium hydroxide aqueous solution 
and ether was added to extract the free base. The 
ethereal solution was dried over anhydrous sodium 
sulfate. An anhydrous ether solution of dry 
gaseous hydrogen chloride was added and white 
crystals precipitated. The crude product was 
recrystallized from 10 cc. of hot absolute alcohol 
and 15 cc. of anhydrous ether. A yield of 1.6 Gm. 
(20%) of a crystalline compound was obtained; 
m. p., 143-144° [reported (7), 139-140° ]. 

2-(4-Morpholino)-ethyl Chloride.—This com- 
pound was prepared by the method of Slotta and 
Behnisch (9) from 10 Gm. of a 2-(4-morpholino)- 
ethanol (1), 20 Gm. of thionyl chloride, and 50 ce. 
of benzene. After the solution was refluxed for two 
hours, a precipitate formed. The crude product 
was removed by filtration and treated with 2 cc. of 
30% aqueous sodium hydroxide solution. A 
quantity of 50 cc. of ether was added to extract the 
free base. The ethereal solution was dried over 
anhydrous sodium sulfate, and the ether was re- 
moved under reduced pressure. The base was a 
thick, colorless, oil-like liquid. The yield was 7.5 
Gm. (68%). 

2-(4-Morpholino)-ethyl Sorbate Picrate.-A 
quantity of 4 Gm. of 2-(4-morpholino)-ethyl chlo- 
ride and 5 Gm. of sorbic acid were mixed im 40 cc. 
of dry benzene. The solution was refluxed for five 
hours; the gummy product which formed was 
treated with 5 cc. of 30% aqueous sodium hydroxide 
solution and the free base was extracted with 40 cc. 
of ether. The ethereal solution was dried over 
anhydrous sodium sulfate and filtered, and the 
ether was removed under reduced pressure. One 
gram of the free base, an oily product, was dis- 
solved in 2 cc. of absolute alcohol; to this solution 


! Melting and boiling points are uncorrected. 
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TABLE I.—Esrters or Sorpic AcIp 


oO 


I 


R M. P..° C. Yield, % 


Carbon, % Hydrogen, %—— 


Formula Caled. Foun Caled. Found 


143-144 
138-139 
124-126 
149-150 


58.06 
47.55 
59.54 
60.00 


57.73 
47.36 
59.63 
58.29 


8.98 
5.43 
9.22 
8.49 


Picrate. 


was added, drop by drop, 5 cc. of a saturated solu- 
tion of picric acid in absolute alcohol. A yield of 
1.1 Gm. (18%) of yellow crystals was obtained. 
After recrystallization from 7 cc. of absolute 
alcohol, the melting point of the compound was 
138-139°. Because it was difficult to purify, 
analytical results were not exact. 

Sorbic Acid Chloride.—This compound was pro- 
duced by a modification of the method used by Doeb- 
ner and Wolff (10). Thionyl chloride (32 Gm.) was 
slowly added to 30 Gm. of sorbic acid over a period 
of two hours. At the end of three hours, the 
reaction between the two compounds had ceased. 
The crude product was distilled at 70-80°/25 mm. 
The colorless liquid was dried in the presence of 
soda lime for four hours and then was redistilled 
at 80-84°/20 mm. Consistent yields of 56% were 
obtained. 

3-Diethylaminopropyl Sorbate Hydrochloride.— 
Ten grams of sorbic acid chloride was dissolved in 
20 cc. of dry benzene; to this solution was added 
5 Gm. of 3-diethylaminopropanol’ in 15 cc. of dry 
benzene. The solution was refluxed for three 
hours. No crystals were obtained when the solu- 
tion was cooled, but after adding 5 cc. of dry 
ether, a crystalline product formed throughout the 
solution. The crude product (m. p., 120-125°) was 
removed by filtration, and a yield of 4.3 Gm. (42%) 
was obtained. The compound was recrystallized 
from absolute alcohol and dry ether; m. p., 124- 
126°. 

2-(1-Piperidino)-ethyl Sorbate Hydrochloride.— 
Six grams of sorbic acid chloride, dissolved in 20 
cc. of dry benzene, and 5 Gm. of 2-(1-piperidino)- 
ethanol (1), dissolved in 10 cc. of dry benzene, was 
mixed, and the mixture was refluxed for two hours. 
The solution was cooled rapidly in an ice bath; 
a crystalline product formed and was recrystallized 
from dry benzene. A yield of 1.2 Gm. (7.5%), 


* Obtained from the Eastman Kodak Co. 


m. p. 149-150°, was obtained. The purified 
crystals were slightly hygroscopic, making it dif- 
ficult to obtain good analytical results. 

Physical characteristics of the compounds ana- 
lyzed are presented in Table I. 


DISCUSSION 


1. The hydrochloride of 2-(4-morpholino)- 
ethyl sorbate was synthesized, but the compound 
was too hygroscopic for analysis. When the 
picrate of this compound was prepared, it pos- 
sessed no hygroscopic properties. 

2. The hydrochloride of 2-(1-piperidino)- 
ethyl sorbate, when prepared, possessed slight 
hygroscopic properties. The picrate, hydro- 
bromide, and methiodide were synthesized, but 
these salts were even more hygroscopic than the 
hydrochloride. 

3. None of these compounds has been tested 
pharmacologically. No evidence of local anes- 
thetic activity was observed when a small 
amount of each ester was placed on the tongue 
and lips. 
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A Comparative Analysis of Ointment Base Efficiency 
Utilizing a Pain Threshold Method* 


By WILLIAM LUCAS} and EARL P. GUTH} 


The use of a modified Hardy-W olff-Goodell 
pain threshold apparatus for the evaluation of 
six ointment bases is reported. The efficiency 
of butacaine sulfate and benzocaine in white 
ointment, hydrophilic ointment, hydrophilic 
petrolatum, and three bentonite bases was 
studied and the method found applicable. 


A CONSIDERABLE number of methods are avail- 
able at present for the comparative evalua- 
tion of the release of an incorporated medicinal 
from an ointment base. Each method, however, 
is dependent upon certain specific peculiarities 
of the medicament and is therefore limited in its 
application by these properties. For example, 
the agar-cup-plate method can be used only for 
those ointments containing a bacteriostatic or 
bactericidal agent. Reddish has stated that 
“owing to the influence exerted by the base it is 
impossible to predict the antiseptic value of a 
product from the antiseptic value of its constit- 
uents’’ (1). This observation has been found to 
hold true for ointments of antiseptics, hormones, 
and keratolytics and for these reasons it was felt 
that it might also apply to local anesthetic oint- 
ments. There is no available method for the 
comparison of the efficiency of bases which might 
be used for the formulation of these ointments. A 
local anesthetic is tested by some one or more of 
the accepted pharmacologicel methods, and, if sat- 
isfactory, is incorporated into an ointment base. 
This implies that the base will not exert any 
significant influence on the activity of the local 
anesthetic incorporated in it. Such an implica- 
tion has not yet been shown experimentally to be 
either true or false. It was hoped that through 
this investigation a further insight might be 
gained into the factors which influence the release 
of an incorporated medicament from an ointment 
base. 
Christensen and Tye (2) have proposed a quan- 
tal method for the evaluation of analgesics utiliz 
ing the D’Amour-Smith experimental method (3) 
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which makes use of the Hardy-Wolff-Goodell pain 
threshold apparatus (4). The investigation re- 
ported here was patterned after their methods. 
Briefly, the method consists of exposing the black- 
ened tail of a rat to the concentrated radiant heat 
from a 500-watt bulb for three seconds. 

The use of radiant heat offers several advan- 
tages over other types of stimuli. It may be 
easily reproduced with respect to quality, inten- 
sity, and duration. A stimulus of this nature 
may be applied and removed at any desired in- 
tensity and will not bring about tissue damage 
at the intensity necessary to produce the sensa- 
tion of pain, thus permitting repeated use of the 
same animals. 

Using the Hardy-Wolff-Goodell apparatus the 
receptive field may be as small and discrete as 
the investigator may wish. This is a distinct 
advantage in that the pharmacological action 
desired from the ointments studied is purely a 
local one. 

The avoidance reflex threshold, at which the 
animal withdraws its tail from the apparatus, 
closely corresponds to the pain threshold and 
their interchangeable use appears warranted (3, 4). 


EXPERIMENTAL 


The ointments used in this investigation were 
white ointment U.S. P. XIV, and hydrophilic oint- 
ment U. S. P. XIV. In addition, several bases 
prepared from the gel formed on the hydration of 
bentonite were used. A Volclay bentonite base 
prepared after the formula of Darlington and Guth 
(5) and another in which the water in this formula 
was replaced with Clark-Lub buffer mixture 
U.S. P. XIV (pH 4.6) were also used. Because of 
the apparent superiority of hydrogen bentonite over 
Volclay bentonite as a base for certain anti-infectives 
(6), a hydrogen bentonite base was prepared after 
the formula of Barr and Guth (6). Thus use was 
made of an all grease, w/o emulsion, o/w emulsion, 
and completely ‘“greaseless’” type base. 

The local anesthetics employed were butacaine 
sulfate U. S. P. XIV and ethyl aminobenzoate 
U. S. P. XIV (benzocaine). These were chosen 
on the basis of their differences in water-solubility 
and chemical type similarity. A 5% ointment of 
each local anesthetic was prepared using each of 
the six ointment bases. 

Male albino rats were used throughout this study. 
In order that the response would always be the 
same in quality and always be equally discrete, it 
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This was 
subjecting the animals to an 
“above threshold” stimulus several times daily for 
three seconds on alternate days. This training 
period was of one week's duration. 

Threshold Determination.-— After the animals had 
been trained to respond reliably to a threshold 
stimulus, the normal threshold for each animal was 
determined. This was accomplished by exposing 
the animals to gradually decreasing intensities of 
stimulus for three seconds at one-minute intervals 
until no response was elicited. The thresholds were 
found to be normally distributed with the average 
being 265 + 10 mcal./sec./cm.? for the fifty animals 
used throughout this study. 

Because it has been demonstrated that a stimulus 
of 325-350 meal./sec./em.? is most readily dis- 
criminated, this intensity was used as the test 
stimulus throughout. The failure of the animal 
to respond to a stimulus of such intensity would 
indicate a highly satisfactory degree of local anes- 
thesia. 

Procedure.—All experiments were conducted on 
groups of twelve animals each. The animals, 
having been so trained, were led into compartments 
which permitted their tails to protrude. No force- 
ful restraint was used, the necessity for such having 
been eliminated through careful handling and train- 
ing. 

An area one inch from the tip of the tail and 
extending proximally for another inch was selected 
as the site for the application of the ointments. 
One-half gram of the ointment was applied to this 
area without excessive friction. Three periods of 
contact with the ointment were selected, viz., 
twenty, forty, and sixty minutes. 

At the end of the specific period of time the 
ointment was removed, again without excessive 
friction. The treated area of the tail was then 
painted black to prevent excessive reflection of the 
impinging radiant energy. The test stimulus was 
then appiied for three seconds. 

The failure of the animal to withdraw its tail 
from the apparatus during the period of stimulation 
was considered as the criterion for the presence of 
local anesthesia. The retraction of the tail by the 
animal during this period indicated that pain was 
felt. 

Prior to use of each ointment a blank was run 
using the particular ointment base (without the 
local anesthetic) to be certain that the base alone 
would not interfere and raise the threshold above 
the test stimulus resulting in ‘“pseudo-anesthesia.”’ 
All thresholds thus determined were at least 10% 
below that of the test stimulus and thus guaranteed 
that any failure to respond to the test stimulus 
would be due to local anesthesia. 


was necessary to first train the animals. 
accomplished by 


RESULTS 


The percentage of the animals which demonstrated 
local anesthesia when stimulated with the test 
stimulus of 350 meal./sec./em.? for three seconds 
after treatment with ointments prepared from 
butacaine sulfate in the various ointment bases is 
listed in Table I 

The percentage of the animals which demonstrated 
local anesthesia when stimulated with the test 
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Tasie I.—Resvutts or Expertment Usine 
BUTACAINE SULFATE IN OINTMENT Bases 


With 
Anesthesia, 


With 
Contact, Anesthesia, 
Min. No. 
3 
9 


5S S58 S58 SE8 


60 


White Ointment U.S. P. XIV 

Hydrophilic Ointment U. s. P. XIV 

Hydrophilic Petrolatum U. S. P. XIV 

Volclay Bentonite Base 

Volclay Bentonite Base prepared Lub 
Buffer Mixture U. S. P. XIV pH 

Hydrogen Bentonite Base 


stimulus of 350 mceal./sec./em.? for three seconds 
after treatment with the ointments prepared from 
benzocaine in the various ointment bases is listed 
in Table II. 


or Experiment Usina 
BENZOCAINE IN OINTME NT Bases 


With 
Contact, Anesthesia, 
Min. No. 


20 
40 
60 
20 
40 
60 
20 
40 
60 
20 
40 
60 


With 
Anesthesia 
% 


White Ointment U.S. P. XIV 
Hydrophilic Ointment U.S. P. XIV 
Hydrophilic Petrolatum U.S. P. XIV 
Volclay Bentonite Base 
Volclay Bentonite Base 
Buffer Mixture U. S. 
Hydrogen Bentonite Base 


ary Lub 
XIV pH 


SUMMARY AND CONCLUSIONS 


An in vivo study was made of the release of 
butacaine sulfate and benzocaine from six oint- 


ment bases. The procedure used was a modified 


= 
| 
| Used* 
wo 25 
{ 75 
10 83.3 
HO 5 41.6 
9 75 
10 83.3 
HP 6 50 
9 75 
H 10 83.3 
| B 
| BB 
|g 58.6 
HB 8.3 
50 
= 50 
HO = 
| HP = 
B= 
; BB = 
HB = 
1 
i 
Used® 
HO 25 
33.3 
| 41.6 
HP 8.3 
8.3 
| 33.3 
B 
| BB 20 8.3 
40 8.3 
60 16.7 
HB 20 
40 16.7 
60 16.7 
ki HO = 
BB = 
| HB = 
| 
| 
| 
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Hardy-Wolff-Goodell pain threshold method. 4. The per cent of animals in which local 
The results observed in this series of experi- anesthesia was elicited after treatment with 
ments revealed the following. benzocaine ointments was lower in every group 
1. The decreasing order of anesthesia pro- than that produced by the corresponding buta- 
duced after twenty minutes’ contact with buta- caine sulfate ointments. 
caine sulfate ointment was: hydrophilic petrola- 5. The D’Amour-Smith experimental method 
tum, hydrophilic ointment, white ointment, and utilizing the Hardy-Wolff-Goodell apparatus is 
hydrogen bentonite base. No local anesthesia applicable to the study of the release of local 
resuited in this time when Volclay bentonite base anesthetics from ointments. 
and buffered Volclay bentonite base were used. It is felt that the results with the tissue tested 
2. The decreasing order of anesthesia pro- (tail of the albino rat) are not necessarily an indi- 
duced after twenty minutes’ contact with benzo- cation of the effectiveness of the anesthetic oint- 
caine ointments was: hydrophilic ointment, ment when used on human skin. An investiga- 
hydrophilic petrolatum, and buffered Volclay _ tion of this relationship is contemplated. 
bentonite base. No local anesthesia resulted in 
this time when white ointment, hydrogen bento- 
nite base, and Volclay bentonite base were used. 
3. After forty minutes of contact with buta- REFERENCES 
caine sulfate in white ointment, hydrophilic (1) Reddish, G. F., and Wales, H. W., Tas Jouwat, 18, 


576(19 
ointment, and hydrophilic petrolatum there B. V., and Tye, A., ibid., 40, 404(1951). 


no significant difference in the amount of local (3) D'Amour, F_ E., and Smith, D. L., J. Pharmacol. 
Exptl. Therap., 72, 74(1941). 

anesthesia produced. The same was true after soit Tye, A., Dissertation, The Ohio State University, 

sixty minutes of contact with benzocaine in the oo) Darlington, R. D., and Guth, E. P., Tas Journat, 


Pract. Pharm. Ed., 82(1950 
same bases. (6) Barr, M., and Guth, E. P., ibid., 40, 13(1951). 


Microdetermination of Isoniazids* 


By MORRIS B. JACOBS{ 


A method is detailed for the assay of isoniazids. It depends upon the reduction of 
ferricyanide by the hydrazide in acid solution with subsequent estimation of the 
color produced with the aid of a photoelectric colorimeter. The method is simple, 
relatively rapid, and requires apparatus commonly available in chemical, pharma- 
ceutical, and clinical laboratories. The method is very sensitive for 2 ug. in 1 ml. 
of original test solution (2 parts per million) and in 5 ml. of reaction solution can 
readily be determined. 


T# COMPOUNDS isonicotinic acid hydrazide ful in checking the specifications of these drugs 
and the isopropyl derivative of isoniconitic by the purchaser of large quantities such as 

acid hydrazide (1-isonicotinyl-2-isopropyl hydra- | Departments of Health and Hospitals. 

zine) have been approved for use in the treatment 


of tuberculosis under medical supervision by the ° CH; 
Food and Drug Administration. Rapid, ac- 
tion and assays of these compounds sold as such J V4 CH; 
or sold in ampules and in capsules would be help- q 

¢ Chief Organic Chemist, Bureau of Laboratories, Depart- Isonicotinic acid 1-Isonicotinyl- 


ment of Health, New York, hydrazide 2-isopropyl hydrazine 
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Methods have been suggested by Rubin, et al. 
(7), and by Kelly and Poet (4) but these methods 
are relatively cumbersome or require apparatus 
not generally available. 


METHOD 


The following method is simple and rapid. It 
depends upon the reduction of the isoniazid in acid 
solution with subsequent formation of a Prussian 
or Turnbull's blue and the colorimetric estimation 
of that blue. It avoids the use of poisonous mate- 
rials such as cyanogen bromide and cyanide-carbon- 
ate solution. 

After this work was performed and submitted for 
publication, a paper by Alicino (1) appeared detail- 
ing the analysis of these hydrazides by two methods, 
one involving nonaqueous titration and the other 
involving iodometry. As Alicino points out, how- 
ever, the nonaqueous titration method cannot be 
used for the determination of the drug in aqueous 
solution or when an interfering titrant is present. 
The iodometric method cannot be used if other 
iodine-consuming substances are present. Can- 
back (2) also used the iodometric method for the 
determination of isonicotinic acid hydrazide. The 
ferricyanide method is an alternative method for 
the analysis of isoniazid compounds. 

Reagents.—Potassium Ferricyanide Solution — 
Dissolve 1 Gm. of analytical reagent g-:de potas- 
sium ferricyanide, K;Fe(CN)g, in distilled water and 
dilute to 250 ml. in a volumetric flask. Transfer to 
a brown bottle and store in a refrigerator. Remove 
small volumes as required for daily use and keep 
in a small brown bottle. Acetic Acid 2 N.—Prepare 
2 N acetic acid in the customary manner. 

Standards.—Weigh out carefully 200 mg. of 
the isoniazid and transfer to a 200-ml. volumetric 
flask. Add distilled water, shake until dissolved 
and dilute to volume. This is the stock solution 
and contains 1 mg./ml. Transfer with the aid of 
a volumetric pipette 1 ml. of the stock standard to 
a 50-ml. volumetric flask and dilute to volume with 
distilled water. This solution contains 20 yg./ml. 
To prepare a standard curve transfer, with the aid 
of pipettes, known volumes of the diluted standard 
containing given amounts of ug. of the isoniazid, 
dilute to 4 ml. with distilled water, and proceed 
with the method as detailed. It is preferable to run 
a low and high standard for each set of unknown 
determinations rather than use a fixed standard 
curve. 

Sampling.—To sample capsules or ampules fol- 
low the directions of ‘“‘Methods of Analysis” of 
the Association of Agricultural Chemists (5) as 
detailed in the chapter on drugs of that text. 

Preparation of Sample.—Weigh out carefully the 
contents of one capsule or weigh out an average 
amount for one capsule and transfer to a volumetric 
flask. Add distilled water, shake to dissolve, make 
to volume, and filter if necessary to free from any 
insoluble carrier or diluent. 

Shake down any liquid adhering to the neck of the 
ampule, scratch with a file, break off the neck care- 
fully, and transfer the contents to a volumetric 
flask. Wash the ampule and the neck, add the 
washings to the volumetric flask, and dilute to 
volume with distilled water. 
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Transfer a suitable aliquot to a 50-ml. flask so 
that a final concentration of about 20 ug./ml. is 
obtained, and dilute to 50 ml. volume. 

Procedure.—Transfer 1 to 4 ml. of the final pre- 
pared solution to a tube. Add 3 to 0 ml. of water 
to give a volume of 4 ml. Add 0.5 ml. of 2 N 
acetic acid and mix. Add 0.5 ml. of potassium 
ferricyanide solution and mix. Place in a boiling 
water bath for five minutes. Remove from the 
bath, cool in a bath of running tap water for one 
minute, and after a total elapsed time of fifteen 
minutes from the initial placement in the boiling 
water bath, read the transmittancy in a Klett- 
Summerson photoelectric colorimeter using a No. 
66 filter. Compare against standards treated simi- 
larly or use a prepared curve. 

Experimental Results.—Transmittancy curves 
were prepared using the phosphate of pure isopropyl 
derivative of isonicotinic acid hydrazide (1-iso- 
nicotinyl-2-isopropyl hydrazine phosphate, Mar- 
silid' phosphate) and isonicotinic acid hydrazide 
{Rimifon (Ro-2-3973)! and Pyridicin®], employing 
the method detailed above. Typical results are 
(in wg. and Klett-Summerson scale readings respec- 
tively) 5, 48; 10, 98; 15, 127; 20, 161; 25, 196; 
30, 202; 35, 265; 40, 289. The results obtained 
show that in the range of 0-30 ug. a nearly straight 
line relationship exists and that the Beer-Bouguer 
law is apparently followed. 

A series of experiments were run to determine 
the optimum temperature for reduction. This is 
above 85° for periods of twenty to thirty minutes 
and five minutes at 100°. 


DISCUSSION AND CONCLUSION 


The reduction of ferricyanide as a method of 
determination has been applied in various ways, 
possibly the best known clinical application is 
that of determination of glucose (3, 6, 8). This 
method, however, is performed in alkaline solution 
generally in the presence of cyanide-carbonate 
solution. 

The ferricyanide method detailed here is per- 
formed in an acid solution. Under these con- 
ditions glucose does not interfere nor do the 
normal components of blood as will be reported 
in a separate paper. Hydrazine itself and hy- 
drazine sulfate reduce ferricyanide and therefore 
a correction must be made if these substances are 
present but as Rubin, et al., point out the amount 
of free hydrazine in the isoniazids must be 
small since the amount of free isonicotinic acid 
is very small. 

The acid concentration has a marked effect 
on the sensitivity of the reaction. Thus, in 
neutral solution there is no reduction and the re- 
duction diminishes markedly as the total acidity 
of the reaction mixture is increased from 0.2 N 
to 10-12 N. 


1 Trade name of Hoffmann-La Roche. 
? Trade name of Nepera Chemical Co. 
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The temperature of the reaction also has a 
marked effect, below 70° there is virtually no 
reduction even on heating for over an hour; at 
85° for about thirty minutes there is almost com- 
plete reduction; this is obtained in about five 
minutes at 100°. Where interferences may be 
present, however, it may be preferable to use the 
lower temperature. 

The method is sensitive for 2 wg./ml. of the 
original solution and can readily be determined 
in 5 ml. of reaction solution. 

While the reaction proceeds in the presence of 
hydrochloric, phosphoric, and sulfuric acids, 
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greater stability of color formation is obtained 
with acetic acid. 
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Micromethod for the Detection and Identification of 
Glycosides* 


By C. A. BLISS and EGIL RAMSTAD 


A micromethod is described that makes use of paper partition chromatography in 
conjunction with enzymes to detect and identify glycosides from other plant con- 
stituents. By applying invertin or emulsin to the chromatograms, a- and 8-gluco- 


sides are split into glucose and 


reaction produces a visible spot w 


The reducing sugar so formed in the 


en the chromatogram is sprayed with a specific 


reagent for reducing sugars. 


I’ GENERAL, identification of glycosides in plant 

material is based on either the isolation of 
crystalline products whose physical constants can 
be determined or on the use of Bourquelot's 
method of establishing the “index of enzymolytic 
reduction” (1). Both methods are tedious and 
require relatively large quantities of plant mate- 
rial. It is usually very difficult to separate mix- 
tures of heterosides, mono-, and oligosaccharides, 
and it is likewise difficult to obtain glycoside 
crystals from mixtures of glycosides. Further- 
more, Bourquelot’s method is limited to plant 
materials containing only one glycoside hydro- 
lyzable with a given enzyme. In an attempt to 
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circumvent these difficulties, the development of 
a simplified micromethod for separating and iden- 
tifying glycosides has been developed. This 
method makes use of paper chromatography in 
conjunction with enzymes. 

Since Consden, Gordon, and Martin (2) pro- 
posed their method of paper partition chroma- 
tography for separation of amino acids, this tech- 
nique has also been applied to the separation of 
glycosidic compounds. Hough (3) identified 
a-methyl-glycosides of simple sugars using am- 
moniacal silver nitrate solution as a reagent to 
detect the spots on the chromatogram. Dekker 
and Long (5) found the method useful in identi- 
fying nucleosides and nucleotides. When the 
chromatogram was treated with sodium meta- 
periodate, these compounds could be localized 
by using Schiff’s reagent to detect the lower alde- 
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hydes thus formed. Gage and Wender (6) and 
Gage, Douglass, and Wender (7) could identify 
a variety of flavonoid compounds by making use 
of several solvent systems in combination with 
various chromogenic sprays. Bate-Smith (8, 9) 
separated anthocyanin glycosides and used ultra- 
violet light to aid in their detection. 

In the case of holosides, Boggs, et al. (4), sepa- 
rated sucrose, melezitose, and raffinose by paper 
chromatography. It is possible to distinguish 
between sucrose and raffinose by special tech- 
niques developed by Williams and Bevenue (10). 
They hydrolyzed the sugar with invertase and 
chromatographed the hydrolysate. de Whalley, 


et al. (11), were able to detect raffinose in cane 
sugar extracts by a similar technique. 


EXPERIMENTAL 


Materials and Apparatus.—The following test 
materials were used: Chemically pure glucose, 
sucrose, arbutin, salicin, and amygdalin; crude 
extracts of honeysuckle, pear leaf, willow bark, and 
bitter almond seed; emulsin, and invertin (Bios 
Laboratories); Whatman filter paper No. 1. 

Procedure.—The experiments were divided into 
three steps: (a) separation of the glycosides from 
each other and from other interfering materials 
such as monosaccharides, by means of paper chro- 
matography, (6) hydrolysis of the glycosides on 
the chromatogram by means of the proper enzyme, 
and (c) location of the reducing sugars formed on the 
chromatogram by use of a proper reagent spray. 

Strips of filter paper were spotted with test solu- 
tions, usually 1-5 A of a 1-2% solution, and dried. 
They were then placed in a chromatographic 
chamber for several hours in order to allow the 
solvent mixture contained in the bottom of the 
chamber to come to equilibrium with the paper. 
The irrigation mixture consisted of the butanol-rich 
layer produced by mixing butanol, 40 parts, acetic 
acid, 10 parts, and water 50 parts. The solvent was 
then added to the trays for descendant irrigation of 
the sheet. 

After completion of the chromatographic run, the 
paper sheets were dried and the enzyme solution 
was applied according to the “strip transfer method” 
described below, and allowed to act for one hour at 
37°. Finally the paper was dried and the spots of 
reducing-sugars were made visible by spraying the 
sheet with specific reagents for reducing sugars. 

Spray Reagents.—Two spray reagents, (a) 0.1 NV 
silver nitrate in 5 N ammonia solution, and (b) a 
solution of aniline hydrogen phthalate as described 
by Partridge (12, 13), were tried. Both reagents 
remained unaffected by the pure glycosides but 
produced brown spots in the presence of reducing 
sugars when the chromatogram was heated at 110° 
for five minutes. The ammoniacal silver nitrate 
reagent, however, would not react with reducing 
sugars on the chromatogram in the presence of the 
enzyme protein; the protein must first be precipi- 
tated by spraying the dry enzyme-treated chromato- 
gram with a 30% lead acetate solution. The aniline 
hydrogen phthalate reagent, on the other hand, 
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reacted with the reducing sugar even in the presence 
of nonprecipitated enzyme protein. Furthermore, 
the latter reagent shows a higher selectivity for 
reducing sugars than does the ammoniacal silver 
nitrate. It permits the detection of quantities of 
aldopentoses and aldohexoses down to 1 yg. 

A major advantage of using aniline hydrogen 
phthalate lies in the fact that diffusion and migra- 
tion of the glycosidal spots are reduced nearly to 
insignificance, since only one nonaqueous spray is 
used. The color developed by the interaction of 
aniline hydrogen phthalate and the reducing sugar 
was found to produce a fluorescence in ultraviolet 
light. This phenomenon increases the sensitivity 
of the reaction considerably, and quantities of 
sugars insufficient to give visible spots in white light, 
were sufficient to give fluorescence in ultraviolet 
light. 

Enzyme Concentration and Time of Exposure.— 
In the experiments described above, pH of the 
enzyme solutions was kept constant, and the tem- 
perature during exposure of the glycosidal spots 
to the enzyme was maintained at 37° by use of an 
incubation oven. The emulsin and the invertin 
solutions were adjusted to the optimum fH of 4.7, 
with Mcllvaine’s phosphate-citrate buffer (14). 
One hour's treatment with a 0.1% solution of the 
emulsin preparation hydrolyzed salicin and amyg- 
dalin spots on the chromatogram sufficiently to make 
the spots appear on the strips after being developed 
with aniline hydrogen phthalate. However, the 
use of a 1% solution of emulsin gave more distinct 
spots. 

Pigman (15) has shown that arbutin is hydrolyzed 
extremely slowly as compared to most other §- 
glucosides. This glycoside, therefore, required a 
treatment of at least two hours’ duration with a 
1% emulsin solution for detection on the chro- 
matogram, and the results were not always positive 
even then. 

A 0.1% invertin preparation, which served as an 
a-glucosidase and §8-h-fructosidase, brought about 
sufficient hydrolysis when allowed to act on sucrose 
spots for thirty minutes. A 1% solution gave very 
satisfactory results after a ten-minute exposure. 

Strip Transfer Method.—Preliminary investiga- 
tions showed that spraying of the chromatograms 
with enzyme solution and suspending the sheets 
for a period of one-half to one hour, usually caused 
a displacement and a considerable widening or 
diffusion of the spots on the paper. The displace- 
ment resulted mainly from a downward flow of 
the spray fluid on the chromatogram, and diffusion 
followed from an excess of the enzyme solution 
present. Such displacement and diffusion caused 
difficulty in obtaining accurate Ry values. 

In order to reduce migration of the spots and to 
simplify the technique, the “strip transfer method” 
was developed. According to this method, the 
dried chromatogram is placed on a glass plate. A 
sheet of filter paper, of the same dimension as the 
chromatogram, is sprayed by means of an atomizer 
with the enzyme solution until it is thoroughly 
moistened, but not wet. The strip is then super- 
imposed on the chromatogram. Another glass 
plate is placed on top of the papers and pressure 
applied in order to assure intimate contact between 
the dried chromatogram and the moist “transfer 
strip.” After an hour's cuntact, the chromatogram 
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TABLE I. or ENZYME-TREATED CHROMATOGRAMS 


Rg Values" ‘ 


Material Acid 10, Water 50) Arbutin Salicin Amygdalin Sucrose 


Pear leaf .5-2.7 
arbutin 2.6 (mean) 
Willow bark 2.7-3.3 
salicin 0 (mean) 
Almond seed 2.4-2.7 
amygdalin 2.5 (mean) 
Honeysuckle leaf .66-0.74 
sucrose 70 (mean) 


No. of Spots Obtained from Mixture of 
Test (Butanol 40, Acetic -—— 


~ 


9 


0 


Unknown and Known Glycoside———— Hydrolyzed 
by 


2 2 Emulsin 
Emutsin 


Emulsin 


Invertin 


is taken out, dried, and developed with the aniline 
hydrogen phthalate reagent. 

Use of Reference Substances.—There are numer- 
ous difficulties connected with obtaining constant 
Ry values by an ordinary paper chromatographic 
setup. It was not always possible to obtain Ry 
values for any given compound which varied less 
than 0.02 from run to run, even when constant 
temperatures were maintained within the chromato- 
graphic chamber (25°), and by using constant 
irrigation (eleven hours) and equilibrating time 
(twenty-four hours). But a variation of the Ry, 
values of less than 0.02 could be achieved by running 
strips simultaneously in the same chromatographic 
chamber. However, the determination of Ry values 
(ratio between the distances traveled by the un- 
known and glucose) proved more convenient, since, 
by this procedure, the irrigation could be carried 
out for a longer time, and a greater spread of the 
constituents of the glycoside mixture effected 
Although Ry, values from different runs varied to 
an extent of 0.3, in the same run they never exceeded 
0.1. 

As the establishment of absolute Ry or Ry values 
proved difficult, the following procedure was 
adopted for the identification of glycosides. 

Several chromatograms are prepared from the un- 
known plant extract. Separate chromatograms are 
treated with emulsin, invertin, or other carbo- 
hydrases, and one is left untreated as the con- 
trol. After the chromatograms are dried, the 
spots of reducing sugars are developed with the 
aniline hydrogen phthalate spray. By comparing 
the enzyme-treated chromatograms with the con- 
trol, the nature of any glycoside present can be 
established, whether a-, or §8-glucosides or any 
other. New chromatographic runs are then made 
with the unknown; at each run the unknown is 
mixed with an authentic sample of a different 
glycoside possessing the same or approximately the 
same Ry or Rg values as the one found for the un- 
known. When the known and the unknown 
glycosides form one single spot on the developed 
chromatogram, it can be concluded that the un- 
known is identical with the mixed-in sample. This 
is particularly true when several runs are made with 
different irrigation fluids. 

Testing the Method.—The method was tested 
on the following preparations: crude extracts of 
(a) pear leaves, (6) willow bark, (c) almond seeds, 
and (d) honeysuckle leaves. The crude extracts 
were prepared according to the general method 
described in Allens Commercial Analysis (16). 


SUMMARY AND CONCLUSIONS 


1. Glycosides can be separated by paper chro- 
matography. 

2. The location of the glycosides on the chro- 
matograms and their type can be established by 
exposing the chromatograms to various carbo- 
hydrases, drying the enzyme-treated sheets, and 
applying special reagents that develop a color 
with the liberated sugars. 

3. Aniline hydrogen phthalate is satisfactory 
as a spot developer of reducing sugars on the 
chromatogram even in the presence of enzyme 
proteins. 

4. Migration of the glycosidal spots of the 
chromatogram during its exposure to the enzyme 
solution can be eliminated by use of a “strip 
transfer meth 

5. The described method is relatively uncom- 
plicated and fast compared with earlier methods 
used for detecting glycosides. 

6. The described method is a true micro- 
method permitting the detection of 5-25 ug. of 
glycosides. The sensitivity of the method could 
be increased by examining the chromatographic 
sheet under ultraviolet light after development 
with aniline hydrogen phthalate. 
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The Preparation of 8-Allylvisnagin* 


By HAMED ABU-SHADY}{ and TAITO O. SOINEt 


The Claisen ag of the allyl ether 

of has been carried out 

successfully to establish a general method for 

the of visnagin derivatives alkyl- 

ated in the 8-position. A number of new 

compounds incidental to this research have 
been synthesized and described. 


Yismacin (I), a close chemical relative of 

khellin, has only about 50 to 70 per cent of 
the activity of the latter in experiments designed 
to evaluate its coronary vasodilator effect (1, 2). 
Changes in the structure of visnagin that might 
enhance the activity would be a welcome addition 


H,cO 

| 
| 
1 


I 


to the study of structure-activity relationships of 
these compounds. It is the purpose of this 
paper to describe a method that may be used to 
obtain derivatives of visnagin that are alkylated 
in the 8-position, i. e., with allyl groups. Whether 
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of Minnesota, Minneapolis, Minn. 

t Fellow of the American Foundation for Pharmaceutical 
Education, 1949-1951. Present address: Department of 
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t The authors wish to acknowledge the generous financial 
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or not this change will enhance or detract 
from the activity of visnagin is not known at the 
present writing. 

Imperatorin (VI) is known to undergo an easy 
rearrangement to allo-imperatorin (VII) in 
which the y,y-dimethylallyl group has migrated 
to the 8-position (3). Because of the ease with 
which such a Claisen rearrangement occurs it 
was decided to attempt the same rearrangement 
with the allyl ether obtained from visnagin with 
a view toward establishing a general procedure 
for the preparation of these compounds. 


HO O 


A CHCH:Br 


K2CO; 


H;CO O 


neal | 


CH; 
CH,;CH=CH, 


CHI, 
K.CO, 


j CH; 
CH.CH- 
IV 


Visnagin was demethylated according to the 
procedure of Schénberg and Badran (4) to yield 
the corresponding desmethylvisnagin (II). This 
was then readily converted to the allyl ether by 
the use of allyl bromide and potassium carbonate 
in acetone. The allyl ether (III), as was ex- 
pected, was readily rearranged to yield 8-allyl-2- 
hydroxy-2-methylfuro(3’,2’,6,7)chromone (IV) 
which was then easily methylated to furnish 8- 
allyl-5-methoxy-2-methylfuro (3’,2’,6,7) chro- 
mone (V) which we have named 8-allylvisnagin. 
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EXPERIMENTAL 


5 - Hydroxy - 2 - methylfuro(3’,2’,6,7 )chromone 
(Desmethylvisnagin, II).—Visnagin' was demethyl- 
ated according to the procedure of Schénberg and 
Badran (4) to give 1.1 Gm. of the demethylated 
product, m. p. 150-151°, from 2 Gm. of visnagin. 

5 - Allyloxy - 2 - methylfuro(3’,2’,6,7 )chromone 
(IIIl).—One Gm. of II was refluxed for twenty 
hours on a steam bath with allyl bromide (3 cc.), 
anhydrous potassium carbonate (5 Gm.) and ace- 
tone (75 cc.). The reaction mixture was then 
cooled, filtered, and the filtrate evaporated on a 
steam bath to leave a yellow, oily residue. This 
residue was dissolved in ether and then petroleum 
ether (b. p., 30-60°) was added to turbidity. 
Upon standing for some time 0.8 Gm. of crystals 
was obtained. These crystals were crystallized 
twice from petroleum ether to give the allyl ether 
as colorless prisms, m. p. 92°. 

Anal.—Caled. for CysHw2O,: 
Found: C, 70.42; H, 4.85. 

8 - Allyl - 5 - hydroxy - 2 - methylfuro(3’,2',6,7)- 
chromone (IV).—One-half Gm. of III was dissolved 
in 10 ce. of p-cymene and refluxed for three hours. 
Then almost all of the p-cymene was distilled off 
under reduced pressure. The residue was shaken 
successively in a separatory funnel with small por- 


C, 70.30; H, 4.72. 


' The authors wish to express their gratitude to the Smith, 
Kline and French Co. for a generous gift of visnagin. 
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A New Inactivating Medium for Hexachlorophene 
(G-11)* 


By C. A. LAWRENCE} and A. L. ERLANDSON, Jr. 


The use of nonionic surface-active agents for the inactivation of Hexachlorophene 
(G-11) is discussed. Tween-80 is found to be more effective than serum, serum 
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tions of a hot 2% sodium hydroxide solution. A 
solid separated as an intermediate phase and was 
removed. The alkaline solution was then acidified 
with hydrochloric acid and allowed to stand in the 
refrigerator. The solid that had separated during 
the sodium hydroxide shaking process was crystal- 
lized several times from alcohol to give yellow 
prisms, m. p. 162-163°. This product was found to 
be identical with the solid that separated when the 
alkaline extract was acidified. 

Anal.—Caled. for CisH»O,: 
Found: C, 70.48; H, 5.04. 

8 - Allyl - 5 - methoxy - 2 - methylfuro(3’,2’,6,7 )- 
chromone (8-Allylvisnagin, V).—Three Gm. of the 
rearranged ether (1V) was refluxed for forty-eight 
hours with 10 cc. of methyl iodide, 10 Gm. of 
potassium carbonate (anhydrous), and 250 cc. of 
acetone. When this was worked up in the usual 
manner it yielded 1 Gm. of product which was 
recrystallized several times from petroleum ether to 
yield slightly yellow crystals, m. p. 101-102°. 

Anal.—Caled. for CigH,Oy: C, 71.10; H, 5.22. 
Found: C, 71.07; H, 5.51. 


C, 70.30; H, 4.72. 
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albumin, and globulin in inactivating the antibacterial properties of as much as 0.1 


per cent Hexachlorophene in broth. 


In hand and arm wash studies using Hexa- 


chlorophene soaps, Tween-80 is found to give a much higher number of surviving 


O* rik basis of early evidence of the high 

bacteriostatic activity of Hexachlorophene 
(G-11)' in the surgical hand and arm wash scrub 
procedure, this compound has been incorporated 
in liquid and bar soaps and has largely sup- 
planted the conventional tincture of green soap 
U.S. P. and alcohol in the surgical scrub (1-5). 
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organisms than in those in which serum was used. 


Hexachlorophene is also being used in a variety 
of other products in which an antibacterial 
desired. These include underarm 
deodorants, shaving creams, baby lotions, pow- 
dered hand soaps, and related cosmetic prepara- 
tions. Alcoholic solutions of the germicide have 
also been advocated for the sterilization of surgi- 
cal instruments and appliances (6, 7). 

With the use of soaps in which Hexachloro- 
phene has been incorporated, one can note that 
the reduced numbers of bacteria on the washed 
skin surfaces remain at a low level, provided that 


action is 
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the Hexachlorophene soap is used on several 
consecutive days as the only degerming agent 
(8-12). This low bacterial population has been 
attributed to the formation of a ‘‘film’’ on the 
skin due to Hexachlorophene which prevents the 
growth or multiplication of the bacteria thereon 
(1, 2). 

One of the techniques described for the evalua- 
tion of Hexachlorophene soaps in the surgical 
scrub makes use of these products in hand and 
arm washes employing the procedures of Price or 
modifications of them (9, 13, 14, 15). In all in- 
stances the effects of Hexachlorophene upon the 
bacterial population of the skin are determined 
by plating representative amounts of the wash or 
rinse waters from the basins in an appropriate 
medium containing blood, serum, or serum 
globulin and albumin (2, 10, 15). 

During the course of studies on the relative 
antibacterial activity of Hexachlorophene, in 
vitro, against a variety of bacteria and also in 
hand and arm wash procedures in which Hexa- 
chlorophene soaps were used, it was felt that the 
use of serum, or serum fractions, did not give a 
true interpretation in so far as the recovery of 
bacteria from the inhibitory effect of the germi- 
cide was concerned. Conceivably, bacteria may 
also become coated by a film of Hexachlorophene 
in the same manner in which normal human skin 
is coated by the use of the compound in soap 
wash experiments and thus the organisms would 
not develop in a nutrient medium to which only 
serum was added as the inactivating agent. It 
is for this reason that an investigation was under- 
taken for a search of other agents which might 
have a greater activity than serum for the in- 
activation of the bacteriostatic activity of Hexa- 
chlorophene-treated bacteria. 


EXPERIMENTAL 


A series of approximately 75 inorganic and 
organic compounds, known to have little if any 
antibacterial activity themselves, were selected at 
random and found to have no action regarding 
their ability to inactivate the bacteriostatic activity 
of Hexachlorophene. In the preliminary studies 
several known inactivating media (16-21) which 
are used for other classes of chemical disinfectants, 
were included in the tests for the determination of 
the “death” or ‘‘survival” of bacteria previously 
exposed to Hexachlorophene. Of these media, an 
indication was obtained that a greater incidence of 
survivals would occur in a broth medium containing 
one or more of the nonionic surface-active agents 
(22). Thus, subsequent investigations involved a 
study of the effects of a large series of the latter 
agents, comparing the activity of these compounds 
with that of serum and serum fractions (globulin 
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and albumin) against the antibacterial effects of 
Hexachlorophene (2). 

Inactivation of Hexachlorophene by Nonionic 
Surface-Active Agents.—Since preliminary experi- 
ments revealed that two Tween-Azolectin media 
(21, 23), used for the inactivation of quaternary 
ammonium surface-active germicides were effective 
in yielding higher bacteria counts of suspensions 
treated with Hexachlorophene than a medium 
containing serum, it appeared desirable to deter- 
mine the nature of the component in the formula- 
tions of the Tween-Azolectin media that was re- 
sponsible for the inactivation. It was early noted 
that the Tweens in the formulations were the agents 
responsible for the latter activity and a detailed 
account of the preliminary investigations will there- 
fore not be considered in this report. 

To determine whether other types of nonionic 
surface-active agents than those described before 
(Tween-80; Tween-20), had a similar effect in 
inactivating the bacteriostatic activity of Hexa- 
chlorophene, led to the examination of 22 nonionic 
agents from four different manufacturing sources. 
The method used in evaluating the latter compounds 
against Hexachlorophene was as follows: 1 Gm. of 


.the nonionic compound was added to 100 ml. of 


beef extract broth (0.3% Bacto beef extract, 1% 
Bacto peptone, and 0.5% sodium chloride in dis- 
tilled water). The media were autoclaved at 15 
lb. for fifteen minutes (121°) and immediately upon 
removal from the autoclave the contents of each 
flask were shaken vigorously to disperse the deter- 
gents in the medium. Upon cooling to room tem- 
perature, the nonionic broth was distributed in 
sterile test tubes by aseptically adding 8 ml. of the 
medium to the first tube and 5 ml. to the remainder 
in a series of approximately 10 test tubes. 

By dissolving 100 mg. of the powder in 1 ml. of 
10% sodium hydroxide a 10% solution of Hexa- 
chlorophene was prepared. This was then diluted 
to 100 ml. with distilled water which resulted in a 
0.1% solution of the germicide. Two ml. of the stock 
solution were added to the first tube containing 8 
ml. of nonionic broth. After thorough mixing, 5 
ml. were removed from the first tube and trans- 
ferred to the second tube containing 5 ml. of the 
same broth. This same procedure of mixing and 
transfer of 5 ml. amounts was carried through the 
remaining tubes, finally discarding 5 ml. of the 
dilution from the last tube in the series. A control 
was maintained on each nonionic surface-active 
agent by adding the bacterial culture to 5 ml. of 
the latter in broth. In addition, a dilution series 
of Hexachlorophene was also prepared in plain 
broth lacking the nonionic agents. 

The Hexachlorophene nonionic broth dilutions 
were inoculated with a 4-mm. loopful of an un- 
diluted twenty-four-hour culture of Staphylococcus 
aureus (Strain 209). The contents of each tube 
were mixed by swirling and placed in an incubator 
(37°) for a period of one week at which time the 
presence or absence of growth was recorded. In 
those instances in which combination of the non- 
ionic agent with broth, or the latter with Hexa- 
chlorophene, resulted in a turbid mixture immedi- 
ately upon mixing, these were inoculated with the 
test organism and a 4-mm. loopful transplant was 
made from these tubes to a tube of plain broth 
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following twenty-four-hour incubation. The latter 
tubes were also incubated for several days and the 
presence or absence of growth recorded. The 
results of this experiment are presented in Table I. 
Results.—From the data presented in Table I 
it may be noted that 1% concentrations of all the 
Tweens and several of the other nonionics completely 
inactivated the bacteriostatic activity of the highest 
concentration (1:5,000) of Hexachlorophene tested 
against S. aureus in broth. Although not indicated 
in the table, the latter germicide inhibited the growth 
of the same organism in a concentration of 1:2,560,- 
000 in broth in the absence of a nonionic agent. 
Several of the surface-active agents showed evidence 
of partial inhibition of Hexachlorophene (No. 20- 
22), whereas most of the Spans were completely 
devoid of any interfering action on the germicide. 
Since it was felt that the mechanism of action of 
the effective nonionics on Hexachlorophene was the 
same, Tween-80 was selected for subsequent studies 
on a comparison of the extent of its action with 
that of blood serum, blood albumin and globulin, 
and egg albumin against the germicide. 
Inactivation of Hexachlorophene by Tween-80 
Serum, Globulin, and Albumin.—Fahlberg, Swan, 
and Seastone (2) noted that the bacteriostatic 
activity of Hexachlorophene could be reduced 
approximately 100-fold by the addition of 1% 
serum, egg albumin (comparable to the concentra- 
tion of normal serum albumin of 4.8%), and human 
globulin (comparable to the concentration of 
normal serum of 1.9%). I» this study the pro- 
cedure of testing the latter agents duplicated for 
the most part the methods described by Fahlberg 
and his co-workers. In addition, the concentra- 
tions of serum and the other components were 
tested up to and including 5% serum with the cor- 
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responding concentrations of the albumins and 
globulin found in normal serum. The globulin 
used was from normal human serum, the albumin 
was obtained from bovine serum, the egg albumin 
from a fresh hen’s egg, and the serum was of bovine 
origin. All the components listed and Tween-80 
were tested against Hexachlorophene using S. 
aureus, instead of Staphylococcus albus which was 
used in the Fahlberg procedure. One-tenth ml. 
of a twenty-four-hour broth suspension of the 
former organism was inoculated in each tube con- 
taining 10 ml. beef extract broth and varying con- 
centrations of Hexachlorophene and an inactivating 
agent. The tubes were incubated at 37° and read- 
ings were made of the presence or absence of visible 
growth at the end of seventy-two hours. The 
results of this experiment are presented in Table 
If. 


Results.—-It is apparent from the data given in 
Table II that Tween-80 is far superior in its in- 
activating effect on Hexachlorophene than serum or 
serum components. Complete inactivation of 0.1% 
Hexachlorophene was obtained with all three con- 
centrations (5.0-1.25%) of Tween-80, whereas the 
highest concentration of serum (5%) and serum 
albumin inhibited the bacteriostatic activity of 
only 0.01% or less of Hexachlorophene. The latter 
findings confirm the results of Fahlberg and his 
co-workers on serum activity against the germicide. 
The serum globulin and egg albumin used in the 
present study were somewhat less active than serum 
and serum albumin against Hexachlorophene. 
Additional studies revealed that a concentration of 
approximately 1:3,000 Tween-80 will inactivate 
the bacteriostatic action of 1:3,000 Hexachlorophene 
in broth using S. aureus as the test organism. 


Tasie I.—Nonronic Surface AGENTS TESTED FOR INACTIVATION OF 1:5,000 HEXACHLOROPHENE (G-11) 


AGAI 


Solution Inhibition 

in Broth, of G-11, 
Agent 1% 1:5,000 
Tween*-20 Clear 
Tween*-40 Clear 
Tween*-60 Clear 
Tween*-61 Turbid 
Tween*-65 Turbid 
Tween*-80 Clear 
Tween*-81 Turbid 
Tween?-85 Turbid 
Span?-20 Turbid 
Span*-40 Turbid 
Span?-60 Turbid 
Span*-62 Turbid 
Span*-65 Turbid 
Span?-80 Turbid 
Span*-85 Turbid 
Renex® Clear 
G-2800 Turbid 
Emulphor Clear 
Emulphor ELA Clear 
Igepal CA?® Clear 1:49,000* 
Triton X(N )-LOO* Clear 1:10,000 
Glim4 Clear 1:20,000 


* Products of Atlas Powder Company, Wilmington, Del 
° Products of General Dyestuff Corporation, New York, N. Y. 
© Product of Rohm and Haas Corporation, Philadelphia, Pa. 
4 Product of B. T. Babbitt Corporation, New York, N. Y. 


Chemical Name 


Polyoxyalkylene der. of sorbitan monolaurate 
Polyoxyalkylene der. of sorbitan monopalmitate 
Polyoxyalkylene der. of sorbitan monostearate 
Polyoxyalkylene der. of sorbitan monostearate 
Polyoxyalkylene der. of sorbitan tristearate 
Polyoxyalkylene der. of sorbitan monooleate 
Polyoxyalkylene der. of sorbitan monooleate 
Polyoxyalkylene der. of sorbitan trioleate 
Sorbitan monolaurate 

Sorbitan monopalmitate 

Sorbitan monostearate 

Sorbitan monostearate 

Sorbitan tristearate 

Sorbitan monooleate 

Sorbitan trioleate 

Polyoxyethelene esters of fatty acids and resins 
Polyoxypropylene mannitol dioleate 
Polyoxyethylated fatty alcohol 
Polyoxyethylated vegetable oil 
Polymerized ethylene oxide condensate 
Alkylated aryl polyether alcohol 
Polymerized ethylene oxide condensate 


+ - Indicates growth of culture in tube through 1 : 5,000 concentration of G-11. 
O = Indicates no growth of culture in tube, thus no inactivation of G-11. 
* Figures indicate partial inhibition of G-11 in dilution of latter given. 
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TABLE II.—INACTIVATION EFFECTS OF TWEEN-80 AND SERUM COMPONENTS ON BACTERIOSTATIC ACTION 


or HEXACHLOROPHENE (G-11) 


Concentration of } 

Hexachlorophene - 

in Broth ) 


= 
i 


10-4 
7.0 


Tween-80 
Tween-80 
Tween-80 
Serum 
Serum 
rum 
.2415%* Serum albumin 
.1207% Serum albumin 
.0603° Serum albumin 
.0945°%* Serum globulin 
.0472% Serum globulin 
.0236° Serum globulin 
Egg albumin 
0.1207% Egg albumin 
0.0603°% Egg albumin 
Control (No inactivator) 


CO+++ 


2 


oO 
O 
+— Indicates growth of standard inoculum of Staphylococcus aureus in seventy-two hours. 


O— Indicates no growth. 
* Equivalents of albumin and globulin in normal serum. 


8 


TABLE III.—A CoMPARISON OF BACTERIAL COUNTS OF HEXACHLOROPHENE (G-11) WAsH WATERS FoLLow 
ING INACTIVATION WITH SERUM AND TWEEN-80 


-—— Tween-80 Inactivation in Basin-—~ 
Plain Agar Plus Acar Plus 
Agar 5% Serum 3% Serum 


-— Tween-80 Inactivation in Tube——. 
Plain Agar Plus Agar Plus 
Agar 5° Serum 3% Serum 

Experiment No. 1 
G-11 Soap Not Used Previously 

min. scrub with O* 

20 ml. G-11 soap 

in 2,000 ml. tap 


Sample No. 


344 


2,188 
1 ,654 


696 
1,440 
1,760 
1,040 
1,440 


Experiment No. 2 
Use of Regular Toilet Soap 13 Days Following Use of G-11 Bar and Liquid Soaps for 10 Consecutive Days 
5 min. scrub with 2 824 
20 ml. G-11 soap 
in 2,000 ml. tap 
water 
2.0% 
1.0°% 


816 
1,472 
1,120 1,384 
1,328 1,016 
2,080 x X 


1,056 
1,440 


1,843 

1,408 

1,108 
O 


2.0 Tween-80 
1.0% Tween-80 
0.5° Tween-80 2,160 
Tween-80 880 
0.125% Tween-80 xX 


792 
1,464 
2,848 


1,401 
1,636 
3,664 1,579 
2,340 740 
2,008 X 


1,030 
1,984 


Tween-80 
Tween-8) 
0.5% Tween-80 
0.25°% Tween-80 3,520 
0.125% Tween-80 1,216 

* All figures, multiplied by 1,000, represent the numbers of colonies developing in agar and estimated as total numbers 
removed from both hands and arms in the wash water. 


O— Represents no colonies developing in agar 
X— Indicates that tests were not made of samples of the wash water in the 0.125°% concentration of Tween-80. 


Tween-80 and Serum as Inactivating Media in the 
Evaluation of Hexachlorophene Soaps in the Surgical 
Scrub.—Several experiments were conducted in 
which Hexachlorophene in liquid and bar soaps 
was evaluated as a_ skin disinfectant. While 
several rinse basins were used following the initial 
hand and arm scrub with Hexachlorophene soap in 
the first basin, the present concern was to determine 
the numbers of organisms that were present and 
viable in the first basin following the use of the 
disinfectant. Thus, samples of the wash water 
were added to tubes containing Tween-89 and the 
latter also added to the basin after the scrub pro- 


cedure. The numbers of viable organisms in the 
samples were determined by plating aliquot por- 
tions in plain beef extract agar and in agar con- 
taining bovine serum. In all instances the hands 
and arms were scrubbed thoroughly with a brush 
for exactly five minutes in a basin of tap water 
using approximately 20 ml. of 3% Hexachlorophene 
in pHisohex.? Upon completion of the scrub, 5 ml. 
amounts of the wash water were transferred to 5 
ml. amounts of 4.0%, 2.0%, 1.0%, 0.5%, and 0.25% 


? Winthrop-Stearns, Inc., brand of a liquid synthetic soap- 
substitute consisting mainly of sodium tertiary-octyl phenoxy- 
ethoxyethylether sulfonate. 
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TasLe LV.—A CoMPARISON OF BACTERIAL CoUNTS OF HEXACHLOROPHENE (G-11) WASH WATERS 
FOLLOWING INACTIVATION WITH SERUM AND TWEEN-SO 


Tween-80 Inactivation in Tube _ ~Tween-80 Inactivation in Basin 
Plain Agar Plus ain Agar Plus 
Sample No Agar Serum Agar Serum 


Experiment No. 3 
Six Consecutive Days’ Use of G-11 Soap 


1. 5min. scrub with 20 ml. G-11 Or 56 
soap in 2,000 ml. tap water 
2. 2.0% Tween-80 832 504 292 340 
3. 1.0% Tween-8) 576 352 259 330 
4. 0.5% Tween-80 280 304 46 218 
5. 0.25° Tween-80 16 344 37 303 
6. 0.125° Tween-80 8 464 X xX 


Experiment No. 4 
Ten Consecutive Days’ Use of G-11 Soap 


1. 5 min. serub with 20 ml. G-11 
soap in 2,000 ml. tap water 

2. 2.0% Tween-8) 

3. 1.0% Tween-80 

4. 0.5% Tween-S80) 

5. 0.25% Tween-80) 

6. 0.125°, Tween-80 


O 32 

208 8S 158 124 

264 112 96 101 

112 104 12 117 

40 72 oO 139 
8 128 X X 


® All figures, multiplied by 1,000, represent the numbers of colonies developing in agar and estimated as total numbers 


removed from both hands and arms in the wash water 
O— Represents no colonies developing in agar 


X— Indicates that tests were not made of samples of the wash water in the 0.125°% concentration of Tween-80. 


of sterile Tween-80 in distilled water. After 
thorough mixing, 0.5 ml. of the latter were plated in 
beef extract agar and also in agar containing one of 
several concentrations of sterile bovine serum. 

In addition to removing the wash water from the 
basin and mixing the latter in Tween-80 dilutions 
in test tubes, sterile Tween-80 (10%) was added 
directly to the basin in increasing amounts from 
50 ml. to 400 ml. of the solution in the 2,000 ml. 
of wash water. A sample of the water was removed 
from the basin after each addition of the inactivator 
and plated in plain agar, and agar containing serum. 
The results of these experiments are presented in 
Tables III and IV 

Results.—From the data given in Table III the 
following may be noted: Plating of the Hexa- 
chlorophene-wash waters in plain agar will result in 
no growth of colonies. The addition of serum to 
the same medium, on the other hand, brings about 
an inactivation of the bacteriostatic activity of the 
germicide in the same wash water. Furthermore, 
the use of Tween-80 alone or with serum will 
markedly increase the ability of the organisms to 
develop in the agar medium. The “apparent,”’ 
rather than “real” killing effect of Hexachlorophene 
on microorganisms may also be noted in the data 
presented in Table IV, experiment 3, in which 
serum alone is used as the inactivating agent. A 
count of 56,000 bacteria was obtained as the total 
numbers removed from both hands and arms when 
samples were plated in 5% serum agar, while the 
same water showed evidence of 300,000 or more 
bacteria following inactivation with Tween-8). <A 
similar increment in bacterial counts may be noted 
in Table IV, experiment 4, in which a count of 
32,000 bacteria was obtained in serum agar and 
counts of 100,000 and greater upon the use of 
Tween-S0. Note is also made in Table IV of the 
bacterial counts of the hands and arms following 
six and ten days’ consecutive use of a bar soap’ 


* Ethicon Suture Laboratories, Inc., brand of bar soap 
“Gamophene,”’ containing 2°) Hexachlorophene 


containing Hexachlorophene. A comparison of the 
latter data with those presented in Table III 
clearly indicates the marked reduction of the 
bacterial population of the skin following continued 
use of a Hexachlorophene soap. 

For purposes of convenience, economy, and a more 
accurate evaluation of the germicidal activity of 
Hexachlorophene-containing preparations, it would 
appear from these data that a nonionic surface- 
active agent can readily supplant serum or serum 
components for testing this particular disinfectant. 

Revival of Bacteria Following Treatment with 
Hexachlorophene.—With the exception of the hand 
and arm wash experiments just described, Hexa- 
chlorophene was first incorporated in broth or in 
broth containing one of the nonionic wetting agents 
and the solutions then inoculated with the test 
organism. Thus, it appeared desirable to deter- 
mine, as in the hand and arm wash procedure, 
whether or not organisms first exposed to Hexa- 
chlorophene and apparently killed, could be revived 
later with Tween-80. In carrying out this test, 
the germicide was dissolved in a small quantity 
of 10% sodium hydroxide and then diluted further 
with distilled water. To 5-ml. amounts of the dilu- 
tions was added 0.5 ml. of a_ twenty-four-hour 
culture of test organisms. At the end of fifteen 
minutes, a 4-mm. loopful of the germicide-organism 
suspension was transferred to approximately 10 ml. 
of plain beef extract broth and also to broth con- 
taining 1% Tween-80. The tubes were incubated 
at 37° for one week and the presence or absence of 
visible growth recorded. The results of this experi- 
ment are presented in Table V. 

Results.—From the data given in Table V the 
following may be noted: The spore-forming, Gram- 
positive strains tested are definitely more sensitive 
to Hexachlorophene activity than is the nonspore- 
forming, Gram-positive organism, S. aureus. Yet, 
in the latter instances most of the inhibiting action 
of Hexachlorophene can be nullified by Tween-80. 
The data also show that the Gram-negative bacilli 
studied are much more resistant to Hexachlorophene 
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Taste V.—SurvivaL or BacrerRta FoLLoOwInG 
Firreen Minutes’ Exposure To AQUEOUS 
DiILuTIoNs or HEXACHLOROPHENE (G-11) 


-——Subculture Media—— 

% Tween- 

Beef 80 in Beef 
Extract Extract 
Broth Broth 


Limiting Dilutions Showing Complete 
Inhibition of Growth 
<1:500¢ 
<i: 
<i: 
<1: 
<i: 


Organism 


Staphylococcus aureus 

Bacillus subtilis 

Bacillus mesentericus 

Escherichia coli 

Eberthella typhosa 

Pseudomonas aeruginosa 

“ Figures preceded by symbol < indicates highest concen- 
tration of hexachlorophene tested failed to destroy completely 
the test organisms 


than are the Gram-positive organisms. The strain 
of Ebertheila typhosa (Hopkins) was not destroyed 
by the highest concentration (1:500) of Hexa- 
chlorophene used in this study either in the presence 
or absence of Tween-80. 


SUMMARY AND CONCLUSIONS 


The use of nonionic surface-active agents for 
the inactivation of Hexachlorophene (G-11) is 
discussed. One of the synthetic detergents, 
Tween-80, selected for this purpose was found 
to be more effective than serum, serum albumin, 
and globulin in inactivating the antibacterial 
properties of as much as 0.1% Hexachlorophene 
in broth. In hand and arm wash studies in 
which Hexachlorophene soaps were used as 
degerming agents, Tween-S0) was found to give 
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a considerably higher number of surviving 
organisms in plate counts than for those in which 
serum was used as the inactivating agent. The 
use of Tween-80 in broth is advocated for the 
determination of survival of test organisms that 
have been exposed to Hexachlorophene. 
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and Sewage,”’ 


The Effect of the Phosphonic Cation Exchange 
Resin on Mineral Balance in the Rat* 


By MILLER J. SULLIVAN, SIDNEY ALPERT, and GUSTAV J. MARTIN 


Phosphonic type cation exchange resins were examined for their in vive capacity to 


act as sodium removers in lieu of sulfonic and carboxylic types. 


The results ob- 


tained from metabolism studies of the rat were anomalous in terms of those obtained 
from the other types of resins and offer, therefore, little hope of a successful applica- 
tion in replacing sulfonic or carboxylic types. 


Bo THE SULFONIC and the carboxylic types 
of cation exchange resin have been exten- 
sively studied in the laboratory (1-5) and in the 


* Received February 5, 1953, from the Research Labora- 
tories, The National Drug Co., Philadelphia, Pa 


clinics (6-10). Each has found a role in the 
therapeutic armamentarium of the physician; 
neither form represents the optimal as, with 
both, dosages must be so high as to render 
difficult proper patient cooperation. The search 
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for improvement is constant and with the appear- 
ance of phosphonic type cation exchange resins‘ 
(11) it was deemed advisable to check these mate- 
rials for their in vivo capacity as sodium re- 
movers. This resin type possesses an acid 
strength intermediate between the sulfonic and 
the carboxylic types with an in vitro capacity 
of 8.46 milliequivalents per dry gram. 


EXPERIMENTAL 


It seemed expedient to use two sets of controls, 
i. e., a negative control consisting of the diet alone 
with equivalent roughage added in the place of the 
resin and a positive control consisting of a carboxylic 
resin “Natrinil,"’ concerning which there are ample 
data. 

Ion Exchange Materials.—Natrinil, a commercial 
product, is a purified cation exchanger carboxylic 
in a very finely divided state (90% through 200 
mesh); 20% of it was used in the potassium cycle 
and 80% of Natrinil was used in the hydrogen 
cycle. The in vitro capacity was ca. 10 meq./Gm. 

The phosphonic resin was Nalcite 219 in the 
hydrogen cycle which was dried at 105° and ground 
to 100-200 mesh. The in vitro capacity was 8.46 
meq./Gm, 

Diet.—The diet used was synthetic and had the 
following composition: casein, 1,500 Gm.; salt mix, 
300 Gm.; crisco, 1,050 Gm.; sucrose, 3,000 Gm.; 
cod-liver oil, 225 Gm.; sodium chloride, 75 Gm.; 
yeast, 600 Gm.; roughage or resin as desired, 750 
Gm.; total, 7,500 Gm. 

Any quantity of roughage may be replaced by 
resin as the experiment requires. In this way the 
total quantity of bulk was kept roughly constant. 

Methods for Metabolic Study.—A pair of rats 
was placed in each metabolism cage and given the 
experimental diet and water ad libitum. They 
were kept on this for three days and were then 
placed in clean cages and the diet was continued 
with very careful check on the food consumption. 
The feces were collected every day and pooled until 
the end of the experiment. The urine was allowed 
to accumulate in containers containing 3 ml. of con- 
centrated nitric acid. The rats were kept on this 
diet for four days and were then placed in clean 
cages on the same or new diet for the new condi- 
tioning period. 

The collection was made in the usual way. The 
feces were dried at 80-105°, then ground and 
thoroughly mixed. 

Analytical Methods. —After a review of the litera- 
ture on flame photometry it was decided to study 
these methods. The first step was a check of the 
results reported by Mosher, ef al., (12), and the 
agreement was good. Methods were then developed 
using the idea of radiation buffers as proposed by 
West, ef al. (13). It was found that the results 
obtained by this procedure were completely repro- 
ducible. Methods for the various elements are 
summarized briefly below. 

Urine.—The urine was checked to make certain 
that it was definitely acid and was then diluted to 
200 ce. and this was called the urine stock solution. 


! Phosphonic cation exchange resin supplied through the 
courtesy of Dr. E. 
Chicago 38, Illinois. 


B. Tooper, National Aluminate Corp., 
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Radiation Buffers.—The ‘sodium buffer’ was 
prepared by dissolving 0.5 mole of potassium chlo- 
ride, 0.5 mole of calcium chloride, and 0.5 mole 
magnesium chloride in 1 L. of solution. In a 
similar fashion the potassium buffer was 0.5 M in 
sodium chloride, calcium chloride, and magnesium 
chloride, while the calcium buffer was 0.5 M in 
sodium chloride, potassium chloride, and magnesium 
chloride. 

Sodium in Urine.—In general a standard curve 
was prepared using 1 ml. of sodium buffer per 100 
ml. and known amounts of sodium chloride. The 
unknown was then prepared in the same way and 
its value determined from the standard curve. 

Potassium in Urine.—The method for potassium 
was similar to sodium except that the potassium 
buffer was used at the level of 4 ml. of buffer per 
100 ml. 

Calcium in Urine.—Since this is a new method, 
the validity of which will be established elsewhere, 
it is described in more detail. Five ml. of urine 
were pipetted into a 25-cc. graduated cylinder; 
0.5 ml. of calcium buffer was added and then 3.0 
ml. of 1.0 N ammonium hydroxide. This mixture 
was diluted to 25 ml., allowed to stand for ten to 
fifteen minutes and then filtered. The clear 
filtrate was read on the flame photometer. 

Chloride in Urine.—The method used was that 
of Sendroy modified by Van Slyke and Hiller (14). 

Feces.—-Two grams of dry, ground feces were 
placed in a Vycor crucible, moistened with i cc. 
of 6 N sulfuric acid, evaporated to dryness, charred, 
and ashed in a muffle furnace at 500-550°. The 
crucible was then cooled. One cubic centimeter 
of conc. HCl was added and the mixture heated. 
One cubic centimeter of conc. HNO; was added and 
this was heated. Five milliliters of distilled water 
were added and the mixture heated to boiling. It 
was then transferred to a 25-ml. graduate, diluted 
to 25 ml., and filtered. The filtrate was used for 
analysis of sodium, potassium, and calcium in a 
manner similar to that described for the urine. 

Chloride in Feces.—The method was essentially 
the open Carius method with a modified Volhard- 
Harvey titration as described by Peters and Van 
Slyke (15). 

Phosphorus.—Phosphorus in the urine and feces 
was determined as outlined in Hawk, Oser, and 
Summerson (14). 


RESULTS AND DISCUSSION 


Since the two sets of controls, the negative con- 
trols receiving no resin and the positive controls 
receiving a carboxylic resin, gave results paralleling 
those reported in the literature (1-5), there is no 
reason to discuss this phase. As can be seen from 
Table I, the phosphonic resin gave a minimal effect. 
At a level of 5% in the diet, the phosphonic ex- 
changer had no effect on the fecal sodium, potassium, 
or calcium. This is most amazing in view of the 
in vitro capacity of 8.46 meq./Gm. From the 
table it seems probable that the net effect of the 
resin at the 5% level is for reduction of the anion 
content of the feces and possibly, although the 
evidence is inconclusive, for an increase of the 
anionic urinary content. 

At the 10% level, the phosphonic resin shows a 
minimal effect in increasing the fecal content of 
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TABLE |.—-MopIFIcATION OF MINERAL BALANCE IN THE RAT CAUSED BY INGESTION OF A PHOSPHONIC 
RESIN® 


Phosphonic Cation Carboxylic Cation 
-——— Exchange Resin ———~  -———Exchange Resin——~ 
%e No. % No. 
50 (10) (5) 42 (10) (5) 123 (10) 
39 (10) (5) 41 ( (5) 191 (10) 
(5) 55 (9) (5) 175 (7) 
(5) 59 164 (7) 
(10) 101 ) 335 (9) 
(10) (5) 255 312 (10) 
(10) (5) 294 272 = (10) 
ince (5) 7 ¢ ) 249 
(5) 244 
(10) 
wes (10) 
(10) (5) 
(10) (5) 
(5) 
(5) 
(10) 
(10) 
(10) (5) 
(10) (5) 
(5) 
(5) 
(10) 
(10) 
(10) (5) 
(10) (5) 
(5) 
(5) 
(10) 
(10) 
(10) (5) 
(10) (5) 
(5) 
(5) 
(10) 
(10) 
(9) (5) 
(10) (5) 
(5) 
(5) 
(20) (10) 
(10) 
(10) (5) 
(10) (5) 
(5) 
(5) 
(10) 
(10) 
(6) (5) 
(14) (10) 
(10) 


Sodium 
urine 


Potassium 
feces 


Potassium 
urine 


Sue Soe wh 


Calcium 
feces 


~ 


Calcium 
urine 


Soe 


Chloride 


feces 


Sue 


Chloride 
urine 


Suk 


Phosphate 
feces 


(6) 
(14) 

Phosphate 

urine 


“a All values expressed as mg. per 100 of food ingested. 
+ Figures in parentheses on left of each experimental value give % of resin in diet. 
¢ Figures in parentheses on right of each experimental value give number of pairs of rats used. 
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sodium and potassium, having a capacity for sodium 
in the range of 0.2 meq./Gm. With this higher 
level of resin, the anion picture would seem to be 
that the phosphate content of the feces is elevated 
probably by its resin content, and urinary phos- 
phate is also raised. The chloride ion content of 
feces and urine appears to be within normal limits. 

No explanation is offered for these results which 
are entirely anomalous viewed in terms of the sul- 
fonic and carboxylic resin effects. It is a point of 
interest that the sulfonic and carboxylic groups 
are monobasic while the phosphonic type is dibasic. 


oO OH 

R—S—OH R—C-—-OH R—O~—P=0 
ii] \ 

O oH 


Sulfonic Carboxylic Phosphonie 
type type type 


The key to the difference in im vivo capacity must 
lie in the exchange grouping. In the sulfonic and 
phosphonic types the acid radical is attached to an 
aromatic nucleus, by contrast the carboxylic 
radical is attached to an aliphatic unit. If this 
aspect of structure were of importance to in vivo 
capacity, the sulfonic and phosphonic resins should 
parallel and they do not. In the case of both the 
sulfonic and the carboxylic the linkage is sulfur 
to carbon or carbon to carbon while with the phos- 
phonic resin the linkage is phosphorus to oxygen 
to carbon. This may confer upon the molecule 
modified resonance. 

The carboxylic resins possess the highest total 
capacity (10 meq./Gm.) and are weak acids, dis- 
sociating maximally at pH 10. The sulfonic resins 
possess the lowest total capacity (4.5 meq./Gm.) 
and are comparatively strong acids, dissociating 
entirely at PH 3 or above. The phosphonic resin 
possesses an intermediate in vitro capacity (8.46 
meq./Gm.) and has a pK, of 2.5 and a pKz of 
about 8. From these physical chemical factors, it 
is not possible to explain the major differences seen 
among these resins in vivo. The first two behave 
in large measure in accordance with expectation 
but the phosphonic resin does not. The point of 
consideration would seem to be the dibasic nature 
of the phosphonic form and it is from this point 
that one is led to consideration of the potential 
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chelating power of this organic phosphate molecule. 
Certain inorganic phosphates such as sodium hexa- 
metaphosphate possess exceptional powers as 
chelating agents (11). Further, organic phos- 
phorous compounds such as adenosine triphosphate 
are capable of forming complexes with cations such 
as potassium (16). Realizing that this is no more 
than a guess, it is proposed that the exchange power 
of the phosphonic group is blocked in some manner 
as a result of chelate ring formation with some 
organic material, or with some cation of valence 
exceeding two. 

While in the interests of thoroughness it is our 
belief that the phosphonic cation exchange resins 
should be tried clinically, the probability is that 
they will offer no advantages over the presently 
employed carboxylic and sulfonic types. 


SUMMARY 


The phosphonic type of cation exchange resin 
possesses a minimal im vivo capacity for sodium 
removal and therefore offers little hope of 
successful clinical application as a replacement 
for either the sulfonic or the carboxylic types. 
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A Spectrophotometric Method of Assay for 
Belladonna Alkaloids*:t 


By LEE WORRELL{ and ROGER E. BOOTH§ 


A spectrophotometric method for the determination of the alkaloids of Belladonna 
has been devised. The procedure consists of the formation of an extremely stable 
complex of atropine base with cupric sulfate and naphthenic acid in an organic phase. 
The complex formed gives a maximum absorption at 700 millimicron wave length 
and a straight line relationship over a rather wide range. Reproducibility on the 


crude drug by the suggested method falls within 3 per cent of the mean. 


The neces- 


sity of an overnight maceration period with U. S. P. menstruum, the need for the use 
of reagent chloroform, and the necessity of at least three 15-minute heating periods 
on a steam bath have been established. 


A’ THE time this investigation was started the 

literature revealed only a few efforts to de- 
termine quantitatively the alkaloids of belladonna 
by colorimetric methods. Morin (1) and later 
Allport and Wilson (2, 3) had attempted to adapt 
the Vitali test quantitatively; and Daroga (4) 
and van Os (5) had suggested colorimetric pro- 
cedures for atropine. During the course of our 
work Gottlieb (6) reported a modification of the 
van Os procedure, Bandelin (7) indicated that 
atropine could be determined colorimetrically 
after precipitation as the reineckate, and Durick 
(8) reported an indirect colorimetric procedure 
using an alkaloid-dye complex. Recently Colby 
and Beal (9) reinvestigated the colorimetric pro- 
cedure based on the Vitali reaction and adapted 
the reineckate process for crude drug assays. 

Our procedure is based upon a color-producing 
reaction first observed by Charitschkoff (10) in 
1912. He noted that when a trace of an organic 
base was added to a mixture of naphthenic or 
oleic acid in ether and cupric sulfate in water, a 
brilliant green color developed in the organic 
phase. Preliminary work, using atropine as the 
base and naphthenic acid, showed that this 
colored complex was extremely stable and that 
the depth of color was at least roughly determined 
by the quantity of alkaloid present. We also 
found that benzene could be used as the organic 
solvent instead of ether; this substitution mini- 
mized errors introduced by loss of solvent by 
evaporation. 


* Received October 7, 1953, from the College of Pharmacy, 
University of Michigan, Ann Arbor. 

Presented to the Scientific Section, A. Pu. A., Philadelphia 
meeting, August, 1952 

Abstracted in part from a thesis submitted by Roger E. 
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Doctor of Philosophy 
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t Associate Professor, College of Pharmacy, University of 
Michigan 

§ Teaching Fellow, College of Pharmacy, University of 
Michigan. escent address: The Upjohn Company, Kala- 
mazoo, Mich. 


EXPERIMENTAL 


Development of the Procedure.—In order to 
determine the minimum time necessary for full 
color development and to test the stability of the 
color, a series of samples containing approximately 
8, 20, and 40 mg. of atropine in benzene was pre- 
pared. To each sample contained in a 50-cc. volu- 
metric flask were added 10 cc. of 25% naphthenic 
acid (Eastman, practical) in benzene and 5 cc. of 
3% cupric sulfate in water. The mixture was made 
up to volume with benzene, and portions of the 
colored benzene were removed at appropriate inter- 
vals for optical density determinations. A Beck- 
man DU Spectrophotometer set at 700 mu wave 
length and balanced against a blank was used. A 
preliminary curve had indicated that maximum ab- 
sorption occurred at approximately this wave 
length. Table I shows the results from two such 
test series. 

We concluded that a period of at least eighteen 
hours was necessary for complete color development. 
Attempts to shorten this period by heating, shaking, 
and changes of solvent were unsuccessful. 

Precision of the procedure and stability of the 
color were further checked by running a third series 
of samples, the results of which are shown in Table 
II. 

Attempts by means of mixed solvents to achieve a 
one-phase system in which color development would 
occur proved futile. Experimentation showed that 
minor changes in reagent volume and concentration 
were desirable; in succeeding determinations, the 
color was developed by adding 2 cc. of about 5% 
cupric sulfate in water and 2 cc. of about 20% 
naphthenic acid in benzene. 

A careful determination of the point of maximum 
absorption showed that it was slightly below 700 
my. Concurrent work with extracts of belladonna 
leaves containing chlorophyll showed that absorp- 
tion by chlorophyll at 700 my was considerably less 
than at the peak absorption point for the atropine 
complex, as shown in Fig. 1. Therefore 700 my was 
chosen as the wave length for the procedure. 

A standard curve was then prepared, plotting con- 
centration of atropine against optical density. This 
resulted in virtually a straight line over the concen- 
tration range 0 to 120 mg. of alkaloid. 

Several samples of atropine, atropine sulfate, and 
atropine sulfate tablets were then run by the pro- 
posed method and also by the conventional titration 


361 


JOURNAL OF THE AMERICAN PHARMACEUTICAL ASSOCIATION Vol. XLII, No. 6 


Tas.e I.—I 


Series 1 24 7 Days 4 Mos 
Blank 0.000 0.000 0.000 
No. 1 0.061 0.062 0.062 
No. 2 0.170 0.169 0.169 
No. 3 0.349 0.344 0.347 


0.016 
0.032 
0.125 


cy 3 4 
0.000 0.000 0.000 0.000 
0.027 0.034 0.047 0.057 
0.022 0.060 0.084 0.110 
0.067 0.166 0.198 0.238 


Optical Density, Hr. 
5 6 


18 
0.000 0.000 
0.067 0.077 0.088 
0.133 0.157 0.199 


48 
0.000 
0.085 
0.193 
0.365 


0.000 


0.369 


0.275 0.315 


process. Results were concordant and it was felt 
that accuracy and precision of the colorimetric proc- 
ess were satisfactory. The mean deviation of a se- 
ries of atropine samples by this method was 0.5%. 
Procedure for Atropine Sulfate Tablets.—To 5 
cc. of water and 1 cc. of ammonium hydroxide add 
the tablet being assayed. After solution has oc- 
curred, shake out with 10-cc. portions of benzene 
(three or four portions) until a negative test with 
Valser's reagent is obtained. Evaporate the com- 
bined benzene portions to about half the original 
volume on a steam bath. Test the vapors with 
moistened litmus paper for ammonia and continue 
heating until a negative test is obtained. Transfer 
the remaining benzene solution to a 50-cc. volu- 
metric flask, using small portions of benzene to rinse 
the evaporation flask. Add to the volumetric flask 
2 cc. of 20% naphthenic acid in benzene and 2 cc. of 
5% cupric sulfate in water. Mix and make up to 50 
cc. with benzene. Allow to stand at room tempera- 
ture for at least eighteen hours. (Readings may be 
taken at the operator's convenience at any time after 
the eighteen-hour minimum.) Read the optical 
density of a portion of the colored benzene layer at 
700 my against a blank. Determine the amount of 
atropine present from the standard curve and con- 
vert to atropine sulfate by the appropriate factor. 
Application to the Crude Drug.—The presence of 
chlorophyll in the final stages of the procedure has 
always been a troublesome factor in the assays of 
leaf drugs of the belladonna group. We tried to 
separate chlorophyll from the alkaloids by chromato- 
graphic procedures using alumina, but were unsuc- 
cessful. Furthermore in some cases we failed to get 
complete elutriation of the alkaloid from the column. 
Although preliminary experiments had shown that 
optical density readings at 700 my due to chloro- 
phyll were quite low, further work showed that er- 
rors from this factor were not negligible. A modifi- 


TABLE II.—DETERMINATION OF REPRODUCIBILITY 
or CoLor 


-——— Optical Density —— 
Atropine, Mg. 24 Hr. 4 Mos 
0 0.000 0.000 
0.063 0.062 
0.061 0.062 
0.064 0.061 
0.171 0.172 
0.167 0.167 
0.345 0.346 
0.344 0.348 


cation of the process was therefore introduced for 
crude drug assays. After the alkaloids had been ex- 
tracted and purified by the usual procedure, they 
and the variable quantities of chlorophyll remaining 
were dissolved in benzene and the volume adjusted 
to 50 ce. This solution was divided into two equal 
portions, each contained in a 50-cc. volumetric 
flask. Color was developed in one flask in the usual 
way; 2 cc. of water were substituted for the 2 cc. of 
cupric sulfate solution in the second flask. Read- 
ings were taken with the instrument balanced against 
the benzene phase from the second flask. Thus each 
sample provided its own compensation for the 
chlorophyll contained in it. 

Using this procedure, we then investigated two 
phases of the official assay process concerning which 
there is considerable controversy in the literature 

Beginning with U. S. P. XI, the official assay has 
directed that the drug be macerated overnight prior 
to extraction of the alkaloids. In 1948 (11) a sug- 


Optical Density 


Millimicrons 
Fig. 1.—Absorption spectra alkaloid complex; 
---- drug extract blank. 
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gestion was made that the maceration be limited to 
one hour and that the alcohol be omitted from the 
maceration menstruum. Our results indicate that 
incomplete extraction occurs when alcohol is 
omitted from the menstruum, whether the maceration 
period is one hour or overnight, and that when the 
official menstruum is used, overnight maceration is 
necessary to secure complete extraction. These 
conclusions are based on a comparison of the per- 
centages of alkaloid found by assay, utilizing the 
different maceration processes, and on whether a 
positive or negative test was obtained by Valser’s 
reagent on an alkaline ether extract of the presum- 
ably exhausted marc. Ten-gram samples of the 
crude drug and extraction with ether in a Soxhlet 
apparatus for three hours were used. 

The second controversial point in the crude drug 
assay is the question of the necessity of a series of 
heating periods to remove volatile, nonpharmacologi- 
cally active bases. DeKay and Jordan (12) showed 
that such a procedure was necessary in the assay of 
hyoscyamus and a collaborative study by the Con- 
tact Committee (13) confirmed this and showed that 
a similar procedure was necessary in the assay 


TasLe III.—Errect oF HEATING RESIDUE FOR 
Various Pertops ON TOTAL ALKALOID PERCENTAGE 
Optical % Alkaloids Average 
Density as Atropine © Alkaloids 
No Heating Period 
0.252 0.592 
0.251 0.590 
0.250 0.588 
0.242 0.570 0.585 
One 15-Minute Heating Period 
0.231 0.544 
0.225 0.530 
0.231 0.544 0.539 
Two 15-Minute Heating Periods 
0.229 0.540 
0.223 0.526 
0.221 0.520 0.529 
Three 15-Minute Heating Periods 
0.220 0.518 
0.219 516 
0.219 516 
0.214 504 
0.210 494 
0.209 492 0.507 
Four 15-Minute Heating Periods 
0.568 
0 


0.481 


Six 15-Minute Heating Periods 
0.220 0.518 
0.212 0.500 
0.204 0.480 


0.203 0.478 0.494 


Screntiric 
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of belladonna. Nevertheless, recent publications 
either ignore this phase of the problem (9) or advo- 
cate shortening the total heating time materially 
(11). .We had hoped to eliminate the heat treat- 
ment, thinking that the volatile bases might not 
form a colored complex or that the complex, if 
formed, might show negligible absorption at the 
wave length used. Table III demonstrates that 
this hope was not realized and that a minimum of 3 
fifteen-minute heating periods on a steam bath is 
necessary to remove volatile bases. 

Procedure for Crude Drug.—Weigh 10 Gm. of 
drug, place in extraction thimble, and thoroughly 
moisten with a menstruum composed of 8 parts am- 
monium hydroxide, 10 parts alcohol, and 20 parts 
ether. Stir thoroughly, cover the drug with men- 
struum, and allow to stand overnight in the Soxhlet 
apparatus. Add ether and extract for at least three 
hours. Transfer the ether extract to a separatory 
funnel, using two portions of ether and two portions 
of half-normal sulfuric acid to rinse the flask. 
Extract with 15-cc. portions of the sulfuric acid until 
a negative test is obtained with Valser’s reagent. 
Combine the acid portions, make alkaline with am- 
monium hydroxide, and extract with 15-cc. portions 
of chloroform (U. S. P. or Reagent grade—not 
Technical) until a negative test is obtained. Evap- 
orate the combined chloroform extractions to dry- 
ness on a steam bath and keep the dry residue at this 
temperature for fifteen minutes. Dissolve the resi- 
due in chloroform, evaporate to dryness on a steam 
bath and continue heating for fifteen minutes. Re- 
peat this treatment once more. Dissolve the resi- 
due in a minimum amount of chloroform and trans- 
fer to a 50-cc. volumetric flask, using small portions 
of benzene and a final rinse with about 3 cc. of ace- 
tone to complete the transfer. Make up to volume 
with benzene and pipette 25 cc. of the mixed solution 
into a second 50-cc. volumetric flask. To the first 
flask add 2 cc. of naphthenic acid reagent (approxi- 
mately 20% in benzene) and 2 cc. of water. To the 
second flask add 2 cc. of naphthenic acid reagent 
and 2 cc. of cupric sulfate solution (approximately 
5% in water). Allow to stand at least eighteen 
hours, make each flask up to volume with benzene, 
mix, and remove portions of the benzene phases for 
optical density readings at 700 my. Balance the 
instrument against the portion from the first flask 
and read the optical density of the portion from the 
second flask. Determine the grams of alkaloids 
from the standard atropine curve and multiply by 
20 to obtain the percentage of total alkaloids cal- 
culated as atropine 

Recovery experiments, performed by adding 
atropine to a previously assayed crude drug sample 
and then reassaying, yielded essentially complete 
recovery of the added alkaloid 


SUMMARY 


1. A new spectrophotometric method for 
atropine was devised. Although the time re- 
quired for complete color development is longer 
than usual, the colored solutions are exceptionally 
stable. 

2. Application of the method to the assay of 
belladonna was made. 


|_| 
No. 3 0.221 0.520 
No. 4 0.209 0.492 : 
No. 5 0.207 0.488 
No. 6 0.199 0.468 
No. 7 0.196 0.462 0.507 
26 Five 15-Minute Heating Periods 
No. 1 0.220 0.518 
No. 3 0.206 0.486 
’ No. 4 0.203 0.478 
No. 5 0.202 0.476 
No. 6 0.197 0.464 
No. 7 0.195 0.458 | 
27 
No. 1 
No. 2 
No. 3 
| No. 4 
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3. The necessity, in this assay, of an over- 
night maceration period before extraction and of 
3 fifteen-minute heating 


volatile bases was confirmed. 


periods to remove 
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Toxicological and Pharmacological Studies on 
Dihydrorotenone* 


By ANTHONY M. AMBROSE, HERBERT E. CHRISTENSEN,? and 
LELLAND J. RATHER, 


Data are given on the acute and chronic toxicity of dihydrorotenone to rats. Single 


oral doses of 1.5 Gm./Kg. were nontoxic. 


Continued oral ingestion of dihydro- 


rotenone by the drug diet method for approximately 400 days produced significant 
growth retardation of rats on diets containing 0.004 per cent (40 p.p.m.) or more. 
On diets containing 0.004 through 0.032 per cent (40 through 320 p.p.m.), a pro- 
gressive loss of liver cell basophilia and dispersal of liver cell granules were ob- 
served. On the lower dietary levels (0.001 and 0.002 per cent; 10 and 20 p. p. m.), 
no significant histological changes were observed in the liver or other organs. 


[rorotenone (DHR), a reduction prod- 

uct of rotenone (1), is a potential pesticidal 
agent in the control of insects of economic and 
public health importance. Because of the close 
similarity in structure of DHR to rotenone, 
there is a possibility of chronic intoxication from 
prolonged oral ingestion of minute quantities of 
DHR as an integral part of the daily diet. No 
information seems to be available in the litera- 
ture concerning the effects of prolonged oral 
ingestion of DHR. Ambrose and Haag (2) have 
published data for rabbits, rats, and guinea- 
pigs on the acute oral toxicity of DHR, dehydro- 
rotenone (an oxidation product of rotenone), 
rotenone, deguelin, and toxicarol. Other studies 
on chronic intoxication for albino rats by derris 
alone (3) and by derris containing varying per- 
centages of rotenone and pure rotenone have also 
been published (4, 5). The present work was 
undertaken to obtain toxicological and pathologi- 
cal data useful in evaluating the health hazards 
of dihydrorotenone. 
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EXPERIMENTAL PROCEDURES AND 
RESULTS 


Pure dihydrorotenone (DHR) is a practically 
tasteless, white crystalline powder, nearly insoluble 
in water, cold propylene glycol, aqueous solution 
of methylglucamine,' or cold liquid petrolatum. It 
is soluble in acetone (1 Gm. in 50 ml.), 95° ethyl 
alcohol, and warm cottonseed oil (100 mg. in 3 ml.). 

Acute Toxicity: Oral Administration.— The acute 
toxicity of DHR in single doses by gastric intubation 
was determined in young male albino rats weighing 
100-135 Gm. each. Rats in groups of 5-10 each 
were given doses of 1.5, 2, 2.5, 3, and 3.5 Gm./Kg. 
of body weight, respectively, of a 20° suspension 
of finely ground DHR in mucilage of acacia. No 
symptoms of toxicity or deaths were observed over 
a thirty-day period in rats given 1.5 and 2 Gm./Kg. 
All rats given 3.5 Gm. died within twenty-four 
hours. Those given 2.5 and 3 Gm. died within 
fifteen days. The LD is estimated to be ap- 
proximately 2.5 Gm./Kg. The symptoms ob- 
served in rats receiving lethal doses were the same 
as those previously described for rotenone (6) and 
derris (7), including tremors, incoordination, con- 
vulsions, depression, and death by respiratory fail- 
ure. 

Chronic Toxicity: Continued Oral Ingestion. 
The basic or stock diet served as the control and as 
the experimental diet with DHR added. It had 
the following composition: casein, 10%, degermi- 
nated yellow cornmeal, 73%; linseed oil meal, 10%; 
ground alfalfa, 2%; bone ash, 1.5%; sodium 
chloride, 0.5%; and cod liver oil U.S. P., 3%. The 
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experimental diets containing DHR are listed in 
Table I. 

Female weanling albino rats from the Western 
Regional Research Laboratory stock colony were 
used throughout. Five rats per group were caged 
together in solid bottom cages with wood shavings 
as litter. Free access to the respective diets and 
water was permitted at all times. Food con- 
sumption for each group and the body weight of 
individual rats were recorded at weekly intervals. 
Periodic hematological examinations consisting of 
erythrocyte and leucocyte counts and hemoglobin 
concentration were made. All animals dying 
during the course of the experiments or sacrificed 
later, on completion of the feeding experiments, 
were subjected to gross postmortem examination. 

The effect on growth of rats on diets containing 
DHR (Table I) may be placed into the three follow- 
ing categories: (a) dietary intake of DHR (0.001 
and 0.002%, equivalent to 10—20 p. p. m.) produced 
no growth or histological changes; (6) an inter- 
mediate change in growth and the beginning of 
suggestive histological changes occurred (0.004, 
0.008, and 0.016% DHR, equivalent to 40, 80, and 
160 p. p. m.); and (c) a definite inhibition in growth 
and more pronounced cytological changes were 
evident (0.032% DHR, equivalent to 320 p. p. m.). 
The changes in growth of rats on the diets contain- 
ing 0.004 to 0.016% DHR did not appear early 
during the first half of the fast-growing period, as 
expected, but from about the seventieth day on, 
growth was significantly different from that of the 
controls. In rats on the 0.032% diet, inhibition in 
growth appeared immediately and continued to the 
end. At this level of DHR, only three of the 
original group of five rats withstood the rigors of 
the diet. Weanling as well as more mature rats 
were also placed on diets containing 0.064, 0.128, 
and 0.256% DHR. Since these animals all died 
early (ten to twenty days), no growth effects could 
be determined. 

Average daily food consumption (Table I) for 
rats on diets containing 0.001 to 0.016% DHR 
during the 400-day experimental period was not 
significantly different from that of the control rats 
on the basic diet alone. The average daily food 
consumption for rats on 0.032°% of DHR was about 
35% below that of the controls. 

Average daily intake of DHR per rat, calculated 
from total food intake, is summarized in Table I. 
The amount of DHR intake per Kg. of body weight 
was roughly proportional to the concentration of 
DHR in the diet. 


TABLE I. 


—-No. Rats-—~ 
Start End 


5 


5 


Supplement 
Control 
DHR, 0 
DHR, 0 
DHR, 0.004% 
DHR, 0.008% 
DHR, 0.016% 
DHR, 0.032% 


@ ‘Mean + standard error of the mean. 


001% 
002% 


Av. Body Wt., 
End 


225.6 


ScrentiFic Epirion 


The hematological findings at 120, 250, and 370 
days (erythrocyte and leucocyte counts and hemo- 
globin concentration) were in close agreement with 
those of the control rats obtained at the same time 
periods. 

Skin Irritation and Allergic Response: Humans 
and Albino Rats.—The effect of DHR upon the 
skin was determined on three humans and 10 albino 
rats. The material was dissolved in acetone to 
make a 2% solution (w/v). A more concentrated 
solution could not be made because of the limited 
solubility of DHR in acetone. 

With humans, 5 drops of the acetone solution 
(2.5 mg. of DHR) were applied daily for fifteen 
days to the anterior cubital surface of the left arm 
and observations were made for subjective and 
objective symptoms. No irritation, dermatitis, 
allergic response, or subjective reactions were 
observed in the three human subjects tested. 

The single application of 5 or 10 drops of the 
2% solution of DHR in acetone ( =2.5 or 5 mg. of 
DHR) to the depilated ventral surface of rats pro- 
duced no irritation. Repeated daily application 
for twelve days produced no skin irritation or 
death. 

It appears that under the conditions of the ex- 
periment, DHR_ produces no skin irritation or 
allergic responses in normal human beings, nor is it 
absorbed from the skin of rats in appreciable 
amounts to produce systemic toxic reactions. 

Histopathological Studies.—Histopathological ex- 
aminations were made routinely on all surviving 
rats at the end of the experiments. Hematoxylin- 
eosin stained sections of the following organs were 
prepared: thyroid, heart, lung, stomach, intestine, 
liver, spleen, kidney, adrenal, pancreas, bladder, 
and reproductive organs. Although no_ gross 
anatomical changes were produced in any of the 
organs, including the liver, by the amounts of 
dihydrorotenene fed, and no evidence of severe cell 
damage in the form of necrotic cells or intracyto- 
plasmic inclusions was seen in the liver, yet the 
parenchymal cells of this organ did show slight but 
definite nuclear and cytoplasmic changes in the 
experimental animals. The liver cell nuclei of 
albino rats fall into three volume classes which 
appear to correspond to diploid, tetraploid, and 
octaploid nuclei. The volume of the second class 
is roughly double that of the first class of nuclei 
and half that of the third class. Occasionally 
nuclei of a fourth class are seen, particularly around 
central veins. Under normal circumstances, roughly 
80° of the nuclei are of the second class. The 


SUMMARY OF GAINS IN WEIGHT AND CONSUMPTION OF Foop AND DIHYDROROTENONE (DHR) 
oF FEMALE Rats MAINTAINED ON Test DIETS 


FOR APPROXIMATELY 400 Days 


——Av. Consumption—— 
Food, Gm./ DHR, 
Rat/Day Mg./Kg. 


$m. -—— 
277.4 
273.0 
281.0 


36 
0.73 
.52 
54 


229.4 
189.2 
158.0 


| 

| 365 

49.2 6.31 8.9 
49.8 5.88 9.8 
48.2 17.8 10.2 
50.4 ; 175.22 8.43 8.6 
51.4 178.0+ 8.98 8.6 
47.5 141.7 + 6.78 7.6 
47.7 110.02 8.65 5.8 1 
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remainder are divided between the first and the 
third class, and the former are usually slightly more 
numerous (8). In the rats on diets of 0.016 and 
0.032% DHR the nuclei of the first, or diploid, 
class were distinctly more numerous, accounting 
for an estimated 30° of 2,000 liver cejl nuclei 
measured on four rats. The control rats had a 
percentage of liver cell nuclei of the first class 
within the usual range, an estimated 10%. A 
large number of the nuclei of the first volume class 
occurred as pairs in binucleate liver cells, the latter 
being much more numerous in the treated rats. 
The mean nuclear diameter of 2,000 randomly 
chosen nuclei from four rats on the highest doses 
was 7.2 + 0.9 uw while the corresponding mean for 
similarly measured controls was 7.9 + 0.8. The 
cytoplasmic alteration produced by dihydrorotenone 
was a gradual loss of basophilia from the liver cell. 
This effect was not observed at a dietary level of 
0.001 or 0.002%, but became barely noticeable at 
0.004 and 0.008%, and was quite definite at 0.016 
and 0.032%. At the two highest concentrations, the 
cytoplasmic basophilia was practically abolished. 
In addition to the loss of basophilia there was a 
change in the distribution of the cytoplasmic 
granules in the formalin-fixed, paraffin-blocked 
sections. In such preparations the liver cell 
granules—mitochondria or large granule fraction— 
of the normal rat appear in coarse irregular clumps 
up to 3 or 4 w in greatest dimension. In contrast, 
the granules of the dihydrorotenone-treated rats, 
seen under oil with the Zeiss normal-contrast-phase 
microscope, were for the most part visible as 
beautifully discrete spherical particles about 0.2 u 
or less in diameter. 


DISCUSSION 


The present results obtained with dihydrorotenone 
(DHR) by gastric intubation in rats confirm the 
results previously obtained by others (2). 

When administered to rats as an integral part of 
the diet, DHR in concentrations of 0.008% (80 
p. p. m.) or less has about the same order of toxicity 
as rotenone (4) over approximately 110 days. How- 
ever, on prolonged oral ingestion up to approxi- 
mately 400 days, DHR in concentrations above 
0.002% of the diet produced a significant inhibition 
in growth. The inhibition in growth was not due 
to decrease in food intake, since the amount of food 
consumed by rats in 0.008% DHR or lower was 
not significantly different from that for the con- 
trols. There was a slight, though not significant, 
decrease in food intake of rats on 0.016% DHR, and 
a definite decrease in food consumption for rats on 
0.032% DHR. 

Single or multiple daily percutaneous application 
of 2.5 mg. of DHR in acetone on the anterior cubital 
surface of the left arm of humans and the applica- 
tion of 2.5 or 5 mg. on the depilated ventral surface 
of rats produced no visible signs of skin irritation, 
sensitization, of systemic reactions. 

The absence of abnormal effects on the blood and 
internal organs when DHR was fed to rats by the 
drug diet method as an integral part of the daily 
diet for approximately 400 days indicates that the 
ingestion of slight amounts, such as might be 
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present as a residue on edible foods, produces no 
harmful effects. Lehman (9) is of the opinion 
that a residue of 10 p. p. m. (0.001%) of rotenone 
on foods would be quite safe and that dihydro- 
rotenone might tentatively be placed in the same 
category. 


SUMMARY AND CONCLUSIONS 


1. Studies have been presented on the toxicity 
of dihydrorotenone (DHR): (a) acutely, as a 
single dose by gastric intubation, (6) chronically, 
by the ingestion of diet containing varying con- 
centrations of DHR, and (c) cutaneously. 

2. Single oral doses of 1.5 Gm./Kg. were non- 
toxic to rats. Continued oral administration of 
DHR in the diet of rats for approximately 110 
days in concentrations of 0.001 through 0.008 
per cent (equivalent to 10 through 80 p. p. m.) 
was without effect on growth. Continuation of 
feeding for approximately 400 days produced 
significant growth retardation of rats on diets 
containing 0.004 per cent of DHR and more. 
Histopathological studies revealed that tissues 
from rats on 0.001 and 0.002 per cent DHR 
were not significantly different from tissues of 
rats on the control diet. Aside from a progressive 
loss of liver cell basophilia and dispersal of the 
liver cell granules observed in rats on the higher 
concentrations of DHR (0.004 through 0.032 
per cent) and changes in liver cell nuclear volume, 
there were no changes that could be attributed to 
the DHR in the diet. Cytoplasmic basophilia 
is, under ordinary circumstances, closely cor- 
related with ribonucleoprotein content. Loss of 
basophilia has been considered by some workers 
(10, 11) to be a very early sign of injury. 

Cutaneous applications of DHR to humans 
and albino rats induced no untoward reactions. 

From the data presented, and under the condi- 
tions of the experiment, DHR does not appear to 
present serious health problems when used 
judiciously. 
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An Improved Procedure for the Preparation of 
p-Cyanobenzoic Acids*t 


By ROBERT H. MILLER} and OLE GISVOLD$ 


A practical laboratory method has been 

developed for the preparation of p-Cyano- 

benzoic acid. This product, which melts 

sharply at 220°, leaves no residue on treat- 

ment with thionyl chloride in contrast to that 

obtained by the usual methods in the litera- 
ture. 


Gees. initiated in this laboratory, involving 

the preparation of esters of p-carboxybenz- 
amidines (1, 2) and related compounds as pos- 
sible useful chemotherapeutic agents required 
rather large amounts of p-cyanobenzoic acid. 
Because the published procedures gave poor 
and often erratic results, an improved method 
for the preparation of this important intermedi- 
ate was sought. A study of the reactions in- 
volved in Sandmeyer's synthesis (3) and its 
various modifications (4-6) indicated that the 
conditions employed in the diazotization re- 
action were well suited to the coupling of the 
newly formed diazonium salt with the excess 
available amine, which resulted in the production 
of the corresponding and undesirable diazo- 
amino compound. This competitive reaction 
can be minimized if the unused pair of electrons 
of the amino group is rendered less available to 
the attacking diazonium salt. In a large meas- 
ure, this objectionable competitive reaction was 
avoided in these studies by reversing the usual 
procedure in the diazotization step. This modi- 
fication was also deemed advisable because of 
the low solubility of p-aminobenzoic acid in 
cold hydrochloric acid. 

Another competitive reaction occurs during 
the Sandmeyer reaction itself. The diazonium 
chloride and the alkaline sodium or potassium 
cuprous cyanide reacts to produce some undesir- 
able stable isomer (7, 8) of the diazo cyanide 
which resists decomposition to the desired 
nitrile. By carrying out this reaction at 0 to 
20° with vigorous mechanical stirring, improved 
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yields of the desired intermediate were ob- 
tained. Subsequent decomposition, collection 
of the sodium salt, acidification, extraction, 
and crystallization of the p-cyanobenzoic acid 
from hot water gave a product that was free 
from contaminants and melted sharply at 220°. 
The solutions during extraction and recrystal- 
lization exhibited a constant pH of 4 to 5 (meas- 
ured by Universal Indicator Paper). The prod- 
uct after recrystallization from hot water was of 
excellent quality. During the recrystallization 
from hot water, no evidence was found of the pref- 
erential conversion of the nitrile to the amide as 
suggested by Sandmeyer (3) and partially sub- 
stantiated by Kilpatrick and Eanes (9); instead, 
results were in accord with the findings of Katt- 
winkel and Wolffenstein (6) that p-cyanobenzoic 
acid can be recrystallized from hot water without 
appreciable decomposition. 


EXPERIMENTAL 


Preparation of »-Carboxybenzene Diazonium 
Chloride.—One hundred thirty-seven grams (1 
mole) of p-aminobenzoic acid (Eastman No. P 14) 
was added in portions with gentle stirring to a cold 
(10°) solution of 40.0 Gm. (1 mole) of sodium 
hydroxide, C. P., dissolved in 450 ml. of distilled 
water and contained in a 1-L. beaker. The tem- 
perature of the resulting clear brown solution was 
not allowed to rise over 25°. 

Sixty-nine grams (1 mole) of sodium nitrite, 
C. P., was dissolved with stirring in 75 ml. of water, 
and after filtering, was added to the above solution. 
The combined solution, at 20°, was called ‘‘Mixture 

The diazotization reaction required good exterior 
cooling which was supplied by maximum immersion 
of the 3-L. reaction beaker in a water-ice-salt bath. 
While the variable speed motor was slowly turning, 
a large double-Z-shaped glass stirring rod (300 
revolutions per minute), 340 ml. (4 moles) of cold 
(5°) concentrated hydrochloric acid, C. P. grade, 
(sp. gr. 1.19) was introduced into the 3-L. beaker, 
followed by 300 Gm. of ice. An additional 300 
Gm. of ice was introduced from time to time during 
the diazotization reaction when necessary to keep 
the temperature below 4°. Careful restriction of 
the quantities used maintained the total volume 
within suitable working conditions. This hetero- 
geneous mixture of acid, ice, and water was called 
“Mixture B.” 

Mixture A was then introduced into a dropping 
funnel and slowly dripped into or introduced under 
the surface of mixture B with constant efficient 
stirring. This required periodically increasing the 
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speed of the stirring motor. The rate of addition 
of mixture A was determined by the rate of the 
reaction and the temperature. The total time 
required was from 80 to 120 minutes. During 
the diazotization reaction, the temperature usually 
remained between 0 and —10°, and at no time was 
it allowed to rise above 2°. After the addition of 
mixture A was completed, the stirring was con- 
tinued for ten minutes. If potassium iodide-starch 
test paper showed a marked excess of nitrous acid, 
the latter was eliminated by the addition of 5-10 
Gm. of urea. Then a cold solution (—5°) of 40 
Gm. (1 mole) of sodium hydroxide, C. P. grade, 
in 75 ml. of water was slowly added with very rapid 
stirring to neutralize the extra mole of hydrochloric 
acid. The reaction mixture, now only slightly 
acidic and at 0-2°, was stirred for an additional ten 
minutes. The resulting mixture, which contained 
p-carboxybenzene diazonium chloride, was reddish 
brown and exhibited a considerable amount of 
glistening crystals of the suspended diazonium salt. 
It was termed ‘Mixture C”’ or the p-carboxybenzene 
diazonium chloride reaction mixture. 

Preparation of p-Cyanobenzoic Acid.—The alka- 
line sodium cyanide-cuprous cyanide mixture was 
prepared in a 4-L. beaker as follows: 3 moles (150 
Gm.) of sodium cyanide, C. P. grade, was dissolved 
in 600 ml. of distilled water. With exterior cooling 
from an ice-water bath, 100 Gm. (1.1 moles) of 
cuprous cyanide (Mallinckrodt) was added in small 
portions with considerable stirring, since the solva- 
tion of cuprous cyanide is rather strongly exother- 
mic. After the cuprous cyanide was entirely dis- 
solved, 124 Gm. (1 mole) of sodium carbonate mono- 
hydrate was added; however, much of the latter 
did not dissolve. The alkaline sodium cyanide- 
cuprous cyanide mixture was called “Mixture D.” 
The 4-L. beaker which contained Mixture D was 
placed in a deep ice-salt-water bath and cooled to 
0°. Mixture C was added to Mixture D in small 
portions with vigorous mechanical stirring. Exces- 
sive foaming was controlled by the addition of a 
few drops of octanol-1 from time to time. After 
the addition of Mixture C was completed, mechani- 
cal stirring was continued for an additional half 
hour. This mixture was then removed from the 
cold bath and heated at 90-100° for four hours 
with continual mechanical stirring to promote the 
decomposition of an intermediate complex of un- 
known composition. Following this, a stream of 
compressed air was passed on to the surface of 
this solution while it was stirred and heated at 90- 
100° to facilitate rapid concentration to about 
1,800 ml. and to aid further in the decomposition 
of the previously disclosed complex. This solution 
was filtered while hot through a Biichner funnel, 
transferred to a 2-L. beaker and further concen- 
trated to about 1,500 ml. After cooling to room 
temperature, the solution was refrigerated for two 
or three days, after which time a solid mass of 
needles of sodium-p-cyanobenzoate separated. These 
crystals were collected on a Biichner funnel; as 
much liquid as possible was removed during this 
operation. The crystals were then dissolved in 
1,500 ml. of water and filtered to remove any 
insoluble material. The resultant dark brown solu- 
tion was mechanically stirred (under the hood) 
while a slight excess (approximately 100 ml. is re- 
quired) of concentrated hydrochloric acid (sp. gr. 
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1.19) was slowly added from a dropping funnel. 
The crude p-cyanobenzoic acid that separated was 
collected on a Biichner funnel and subsequently 
washed thoroughly with ice water. This crude 
p-cyanobenzoic acid melted at 215-225° with the 
development of a green color that was probably due 
to some copper coordination complex. The crude p- 
cyanobenzoic acid was transferred to a 3-L. beaker 
containing 2,000 ml. of distilled water. When 
this mixture was boiled for one hour, further 
decomposition of the residual complex was ap- 
parently effected. Part of the desired p-cyano- 
benzoic acid (4% soluble in water at 100°), was dis- 
solved. The undissolved portion was collected on a 
steam-heated Biichner funnel. The highly satu- 
rated hot filtrate, upon slight cooling, deposited 
white crystals of relatively pure p-cyanobenzoic 
acid. The filtrate was transferred at once 
to a 2- or 3-L. beaker, cooled to room tem- 
perature, and finally refrigerated for twenty-four 
hours. The undissolved residue was removed from 
the Biichner funnel and further subjected to the 
same extraction procedure an additional five times 
in order to obtain the maximum yield of the desired 
acid. 

The relatively pure and now crystalline p- 
cyanuobenzoic acid from the above six extractions 
was collected on a Biichner funnel and air-dried. 
The product thus obtained was free from the usual 
contaminants, left no residue when reacted with 
thionyl chloride, and melted sharply at 220°. 
Reported melting points vary from 210 to 219°. 
A yield of 102.1 Gm. (69.5°%) was obtained. 

Subsequent concentration of the combined 
filtrates was not profitable, since it yielded only a 
small additional amount of a slightly lower melting 
product. 


SUMMARY 


1. A modilication of Sandmeyer’s method for 
the synthesis of p-cyanobenzoic acid has been 
developed. 

2. The modified method avoids unwanted 
side reactions and gives consistently improved 
yields of relatively pure acid. 

3. The modifications are as follows: the 
diazotization reaction is inverted; the Sand- 
meyer reaction is carried out at 10-20°; the 
complex is decomposed by heating the reaction 
mixture; after refrigeration, the crystalline 
sodium salt (composed chiefly of p-cyanobenzoic 
acid) is removed by filtration; and this salt was 
acidified to yield crude p-cyanobenzoic acid which 
was easily purified by extraction and recrystalliza- 
tion from boiling water. 

4. The product obtained was free from con- 
tamination and melted sharply at 220°. 
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The Synthesis of Some N-Alkyl-p-Cyanobenzamides*t 


By ROBERT H. MILLERf and OLE GISVOLD$§ 


The preparation of p-cyanobenzamide and 
18 new N-alkyl-p-cyanobenzamides is reported. 


| ty PREVIOUS publications (1, 2), the preparation 

of a number of esters of p-carboxybenzamidine 
was reported. Some of these compounds pos- 
sessed marked local anesthetic activity accom- 
panied by a relatively low toxicity but produced 
an undesirable pruritis and erythema when 
injected in the human forearm. As a continua- 
tion of these studies, the replacement of the 
ester grouping by an amide grouping was carried 
out. The smooth synthesis of nineteen inter- 
mediate N-alkyl-p-cyanobenzamides is reported 
here. These synthetic procedures have been 
run repeatedly and high yields of N-alkyl-p- 
cyanobenzamides are consistently obtained. 
These compounds are being screened for possible 
biological activity. 


EXPERIMENTAL 


p-Cyanobenzoic Acid.An improved procedure 
for the preparation of p-cyanobenzoic acid is de- 
scribed by Miller and Gisvold in a separate report 
(3). 

p-Cyanobenzoy! Chloride. This intermediate was 
prepared in 96% yield by essentially the same pro- 
cedure as previously described (1, 2). 

N-Alkyl-p-cyanobenzamides.— These amides were 
prepared by one of the three following methods: 

Method A.-Powdered p-cyano-benzoy1 chloride 
(0.04 ml.) was added in portions to 35 ml. of a cold 
water solution of the amime in a 150-ml. beaker 
After a vigorous reaction had subsided, the mixture 
was cooled and filtered through a Biichner funnel 
The residue was washed with ice water until the 
pH of the wash water was about 6 (measured by 
Universal Indicator Paper). The crude p-cyano- 
benzamide was purified by recrystallization from 
hot water (1 Gm. of crude product per 50 ml. of 
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water). On cooling, the p-cyanobenzamide crystal- 
lized in long needles. The crude N-methyl-p- 
cyanobenzamide, also prepared by this method, was 
recrystallized from a mixture of 100 ml. of ethanol 
and 100 ml. of water. A sample of 2.5 Gm. was 
further purified by recrystallization from 325 ml. 
of benzene, C. P. grade. 

Method B.—A solution of 0.08 mole of the primary 
alkyl amine in 50 ml. of anhydrous benzene, C. P. 
grade, was added to 0.04 mole of p-cyano-benzoy! 
chloride in 100 ml. of anhydrous benzene, C. P. 
grade, contained in a 300-ml. round-bottom flask, 
and the mixture was refluxed for twenty minutes. 
Bumping was easily controlled by the introduction 
of a 2 x 100-mm. boiling tube in the usual manner. 
After refluxing, the reaction mixture should be 
slightly acidic (PH 5, measured by Universal Indi- 
cator Paper). The hot (60-70°) reaction mixture 
was filtered through a Biichner funnel to remove the 
insoluble alkylamine hydrochloride, which was 
washed repeatedly with warm benzene, C. P. 
grade, until the total filtrate was a definite volume, 
which varied in each case for the specific N-alkyl-p 
cyanobenzamide under consideration (Table 1). 
No crystallization occurred upon cooling to room 
temperature. This combined filtrate was washed 
in a separatory funnel with five 15-ml. portions of 
2° hydrochloric acid and then with five or six 
25-ml. portions of distilled water until the pH of 
the wash water was about 5 (measured by Universal 
Indicator Paper). The straw-colored benzene frac- 
tion was dried over anhydrous sodium sulfate for at 
least two hours, filtered, and concentrated to a 
volume of about 25-40 ml. 

Although most of the N-alkyl-p-cyanobenzamides 
crystallized from this fraction upon cooling and 
scratching with a glass rod, the addition of 100- 
150 mil. of n-hexane induced complete crystallization 
very readily and consequently improved the yields 
of the compounds. The fine crystalline N-alkyl-p- 
cyanobenzamides were collected on a_ Biichner 
funnel and washed with n-hexane. The compounds 
thus obtained required no further purification for 
the subsequent experiments. However, small quan- 
tities of the N-alkyl-p-cyanobenzamides were 
recrystallized from absolute alcohol, from cyclo- 
hexane, and from the following solvent pairs: 
ethanol and water; ether and petroleum ether; 
benzene and n-heptane; and benzene and petroleum 
ether. 

Method C.—This method is essentially the same 
as Method B with slight modifications to compen- 
sate for the increased solubility of higher alkylamine 
hydrochlorides in a nonpolar solvent. The initial 


pur wyoy Aq payeuop sem ¢ 
Ul JO CE » 
Cl 06 0 aprxospAy jo cE p 


Vol. XLII, No. 6 


Zz 
; 
< 
= 
< 
x 
< 
Zz 
< 
x 
= 
= 
< 
= 
= 
~ 
< 
Z 
x 
~ 


28°01 
88 
OL 
19° 
92 ZI 
SI 
CF ZI 
90° 
28° €1 
£0 FI 
£6 
06° FI 
90° 9T 
LI 


punog 


*NO*H"D 
*NO*H"D 
‘NO™H"D 
*NO"H™D 
*NO"H"D 
*NO"H"D 
*NO“H"D 
*NO*H*D 
4 


901-F0I 
62-82 
OL-89 
£6-% 
66-86 
I8-62 
6Z1- 
LZ-92 
191-091 
£OI-Zol 
fle 
126-006 


‘Dod 'W 


‘ajdmes ajdmes 


N=) 


£9 


‘PRIA TPA 


re 


FE 


re 


ol 
ol 
46 
26 
c8 
cs 


03 09 


ol 
Ol 
Ol 
Ol 


-|Aidayy-u 


plAing 


-|AxayopAy 
-|Auly-ost 
-[Aing-7497 
-|Aing-2as 
-[Aing-u 
-|Adoig-ost 
-|Adoig-u 


370 
1 
¥ 
f 
Sa 
| 
| | 
1] 
| 
| 
| 
EO 
<~ 
| 
z 
| 
| 
1} 
. 


June, 1953 


reaction mixture after refluxing was transferred to a 
suitable separatory funnel and diluted with benzene 
to a definite volume which varied in each case 
according to the particular N-alkyl-p-cyanobenz- 
amide (see Table I). To avoid emulsions, this 
benzene solution was carefully washed with four or 
five 50-ml. portions of distilled water and four or 
five 50-ml. portions of 2% hydrochloric acid. It 
was then washed with five or more portions of dis- 
tilled water until the pH of the wash water was 
about 5 (measured by Universal Indicator Paper). 
The straw-colored benzene solution was then dried, 
filtered, concentrated, and treated as described 
under Method B. 

The results obtained in the syntheses of the 
various N-alkyl-p-cyanobenzamides are summarized 
in Table I. 


SUMMARY 
1. p-Cyano-benzoyl chloride was synthesized 
in 96 per cent yield by treating p-cyanoberizoic 
acid with thionyl chloride in the usual manner, 
and was then reacted with cold concentrated 
ammonium hydroxide to prepare p-cyanobenz- 
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amide and with 25 per cent methylamine in water 
to produce N-methyl-p-cyanobenzamide. 

2. Other N-alkyl-p-cyanobenzamides were 
prepared by refluxing p-cyanobenzoyl chloride 
with the respective primary amines in a nonpolar 
solvent. 

3. The following new N-alkyl-p-cyanobenz- 
amides were synthesized: N-methyl-; N-ethyl-; 
N, n- ; N-isopropyl-; N,n-butyl-;  N- 
isobutyl-; N,sec-butyl-; N,tert-butyl-; N,n-amyl-; 
N ; N,n-hexyl-; N-(1,3-dimethylbutyl-) ; 
N-(cyclohexyl-); N,n-heptyl-; N,n-octyl-; N- 
(1-methylheptyl-); N-(2-ethylhexyl-); and WN, 
tert-octyl-. 

4. All of these compounds are being screened 
for possible biological activity. 
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The Synthesis of Some Alkyl 
p-N-Alkyl Amidinobenzoates”! 


By WILLIAM ROST and OLE GISVOLDt{ 


Since it was previously shown that marked 
local anesthetic activity is possessed by some 
simple n-alkyl, alicyclic, aromatic, and halo- 
genated n-alkyl esters of p-carboxybenz- 
amidine, alkyl groups were introduced into 
the amidine groups of some simple esters of 
p-carboxybenzamidine. The new compounds 
are to be tested for local anesthetic, anti- 
biotic, and antispasmodic properties. 


Pasviovs PUBLICATIONS (1, 2) have described 
the synthesis of some esters of p-carboxy- 
benzamidine. Some of these esters exhibited 
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pronounced intracutaneous and surface anes- 
thetic activity, together with favorable toxicities. 
However, several of the most active members 
produced an undesirable pruritis when injected in 
the forearm of man. Because the compounds 
possessed good anesthetic activity and favorable 
toxicities, it appeared to be of value to attempt to 
alter their chemical and physical properties 
through structural modifications. 

Two simple lines of endeavor were used: a con- 
tinuation of a modification of the alcohol residue 
and the introduction of simple alkyl groups in the 
amidino residue. Several compounds of these 
types have been prepared and are reported in the 
present paper, and it is planned to screen them 
for their anesthetic activity and other possible 
biological properties. 
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TABLE I.-ALKYL p-CARBETHOXYIMINOBENZOATES 


Vol. XLII, No. 6 


1 Cyclopentyl 69.0 
2 Hexahydrobenzyl 69.4 


“ These intermediates were not analyzed 


EXPERIMENTAL 


The new esters of p-carboxybenzamidines were 
prepared essentially according to the procedures 
previously described (1, 2). The cyclopentanol 
used in these studies was prepared by the reduction 
of cyclopentanone with lithium aluminum hydride 
(3). Unsatisfactory yields of the desired alcohol 
were obtained when catalytic reduction methods (4) 
were attempted. The p-cyanobenzoic acid was 
prepared in good yield according to the improved 
procedure described by Miller and Gisvold (5). 
The p-cyanobenzoyl chloride was prepared as 
previously described. The melting point of the 
crude acid chloride was determined, and it was 
found that the acid could be used satisfactorily 
without further purification. 


I1.—ALKYL p-ALKYLAMIDINOBENZOATES 


Analysis, “2 — 


Yield, M. P., ——— 
No Ester Residue % “+. Caled Found 
Esters of p-Cyanobenzoic Acid * 
1 Cyclopentyl 73.5 64-65 
2 Hexahydrobenzy! 81.8 73-75 
Esters of p-Carbethoxyimidobenzoic Acid“ 
l Cyclopentyl 96.0 118-120 
2 Hexahydrobenzyl 89.7 104-106 


Esters of p-Carboxybenzamidine Hydrochloride 
HCl-NH;—C(=NH)—C,H,—COOR 


226 C, 58.09 C, 57.68 
H, 6.38 H, 6.50 

186-187 C, 60.70 C, 60.98 
H, 7.13 H, 7.31 


Alkyl-p-Carbethoxyiminobenzoates. These com- 
pounds were prepared essentially according to the 
previously described procedures (1, 2). 
Alkyl-p-.V-Alkyl Amidinobenzoates. —These com- 
pounds were prepared by dissolving the alkyl p- 
carbethoxyiminobenzoates (2-4 Gm.) in alcohol 
(30-50 ce.) and adding the appropriate amine until 
the mixture was slightly alkaline to nitrazine paper. 
The mixtures were heated for three to eight hours 
in a water bath at 68°; at this temperature the 
reaction mixture was usually acid. The mixture 
was concentrated to a small volume, and acetone 
and ether were added to induce crystallization under 
refrigeration. Recrystallization from a mixture of 
alcohol and acetone was quite successful. The 
relative proportions of acetone and alcohol varied 


No Alkyl Residue % 


1 Methyl 68.5 
2 Ethyl 74.5 
3 n-Propyl 67.3 
4 n-Butyl 66.8 


l Methyl 79 
2 n-Propyl 96 
3 n-Butyl 91.5 


HCl-NHR—-C( 


1 Ethyl 67.5 
2 n-Propyl 72 
3 n-Butyl 77 


——- Analysis, “7 —~ 
Caled Found 


Benzyl! Ester of p-N-Alky] Amidinobenzoic Acid Hydrochlorides 
HCl. 


180.5-181 C, 63.06 C, 62.55 
H, 5.62 H, 5.69 

244-245 C, 64.04 C, 63.37 
H, 6.15 H, 5.95 

223-224 C, 64.98 C, 65.29 
H, 6.36 H, 6.42 

203-204 C, 65.78 C, 66.67 
H, 6.68 H, 6.5 


8-Chloroethy! Ester of p-N-Alkyl Amidinobenzoic Acid Hydrochlorides 
HCl-NHR—C(==NH )CsH,—COOCH,CH,Cl 


Cyclohexy! Ester of p-N-Alkyl Amidinobenzoic Acid Hydrochlorides 


208-209 C, 47.67 C, 48.67 
H, 5.09 H, 5.43 
204-2045 C, 51.16 C, 51.42 
H, 5.94 H, 6.15 
231-231.5 C, 52.67 C, 52.77 
H, 6.32 H, 6.44 

NH 
231-232 C, 61.82 C, 61.97 
H, 7.46 H, 7.53 
270 C, 62.85 C, 62.74 
H, 7.76 H, 7.92 
263-264 C, 63.79 C, 63.43 
7.99 H, 8.0: 


372 
j Yield, N 
| 


June, 1953 


SCIENTIFIC EDITION 


TaBLE III.—Esrters oF p-N-Etuyt AMIDINOBENZOIC AcID HYDROCHLORIDE 


NH)Cs6H,—COOR 


83. 5 
Hexahydrobenzyl 55 


Ester Residue 


Cyclopentyl 


according to the solubility properties of the amidine 
hydrochlorides. In some cases, ether was added to 
a mixture of these solvents to induce separation of 
the amidine. Where N-alkyl substitution was 
relatively large, the amidine could be recrystallized 
from water. 

Contamination of the amidine hydrochloride with 
some amine hydrochloride occasionally resulted in 
great difficulty in crystallization. In these cases, 
further purification of the amidines as hydro- 
chlorides usually yielded crystalline compounds. 
This purification could be effected by treating an 
ether solution of the free base in one of two ways: 
(a) an ether solution of hydrochloric acid was care- 
fully added, causing a fractional separation of the 
amidine hydrochloride; (6) the ether solution of 
the free base was repeatedly washed with small 
portions of water to remove the undesirable free 
amine. This ether solution was then treated as 
described above. 


The results obtained in the syntheses of the inter- 
mediates and the final products are summarized in 


Tables I, II, and III. 


P., 
°c. 


215-216 
175-177 


——————Analysis, % 
F 


The cyclopentyl and hexahydrobenzy!l esters of 
p-cyanobenzoic acid, p-carbethoxyimidobenzoic 
acid, and p-carboxybenzamidine have been re- 
ported. 

The following compounds have been prepared 
and reported: the methyl, ethyl, n-propyl, and 
n-butyl derivatives of the benzyl ester of p-car- 
boxybenzamidine; the methyl, n-propyl, and 
n-butyl derivatives of the 8-chloroethyl ester of 
p-carboxybenzamidine; and the cyclopentyl and 
hexahydrobenzyl esters of p-N-ethyl amidino- 
benzoic acid. 
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Assay of Preparations of Veratrum Viride by 
Hypotensive Activity in Dogs* 


By GRAHAM CHEN and DAVID RUSSELL 


A procedure is presented for estimating the hypotensive activity of veratrum prep- 


arations in dogs. 


Through the analysis of variance, the accuracy of the method 


is shown to be within the limits of variation in biological assays of +10 per cent. 
A brief discussion is given on the mode of hypotensive action and the range of 
therapeutic doses of the Veratrum alkaloids. 


Te RECENT advances in our knowledge of the 

pharmacology of the veratrum alkaloids (1) 
has renewed our interest in the therapeutic uses 
of these substances for the management of 
eclampsia of pregnancy and of hypertension. 
Clinicians have been reluctant to employ the 
veratrum preparations therapeutically, partly 
because of the narrow range between the ther- 
apeutic and toxic dose levels and the wide varia- 
tion of individuals’ response to these drugs. 
This reluctance is also due in part to the lack of a 
reliable assay procedure for testing the hypoten- 


* Received October 17, 
Company, Detroit 32, Mich. 


1952, from Parke, Davis and 


sive activity of the veratrum alkaloids; conse- 
quently the clinicians do not have the accurate 
information for adjusting the therapeutic dosages 
correctly. 

The assay methods recorded in the literature 
prior to 1950 are merely toxicity tests (2-4). An 
assay procedure for veratrum derivatives based 
on hypotension in dogs was described by Maison 
and Stutzman in 1951 (5). The decrease in re- 
sponse to the carotid sinus pressor reflex has also 
been utilized for estimating the hypotensive 
activity of the veratrum alkaloids (6, 7). Two 
years ago, in connection with the chemical isola- 
tion and purification of the veratrum viride 
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alkaloids in our laboratories, an assay procedure 
with dogs was worked out for determining the 
hypotensive activity of the various preparations. 
In the course of experimentation, there had been 
investigated extensively the dose-response rela- 
tionship, animal variations, and some of the 
factors which influence the hypotensive response 
to the veratrum alkaloids. The design of the 
experiment and a statistical analysis of the data 
are presented in this report. 


EXPERIMENTAL 


Dogs were anesthetized with sodium pento- 
barbital, 30 mg./Kg. or more intraperitoneally, to 
the stage of surgical anesthesia. After the carotid 
artery had been cannulated for blood pressure 
recordings and the femoral vein exposed for injec- 
tions, an additional 5 mg./Kg. of sodium pento- 
barbital was given intramuscularly. As soon as the 
blood pressure had reached a constant level, a 
minimal effective dose of a standard preparation 
was injected. At half-hour intervals, this was 
followed by two doses of an unknown and again the 
standard. Six dogs were employed for the assay 
of one preparation. Three animals were given the 
standard first, and the other three the unknown 
first, in the order of injections. Both the standard 
and the test preparation were dissolved in a small 
quantity of acetic acid and diluted with water to 
the volume of 0.1 ml./Kg. for injection. 

The blood pressure changes were measured from 
the pre-injection level to the nadir of the blood 
pressure tracings and calculated as per cent fall in 
blood pressure. For each dog, a ratio of the hypo- 
tensive effects between the unknown and the stand- 
are preparation was then computed from their aver- 
age falls in blood pressure. The mean value of 
the ratios, ascertained from six dogs, was taken as 
the relative potency of an unknown in reference to 
that of a standard preparation. 


RESULTS AND DISCUSSION 


Dose-Hypotensive Response.—The graphical 
data in Fig. 1 were obtained by plotting per cent 
fall of blood pressure against dose in logarithms of 
an extract of veratrum viride (to be referred to 
hereafter as “‘Veratrone' Improved"). The graph 
shows a linear relationship between the logarithmic 
values of dose and hypotensive response. It was 
found, however, that such a linearity could not be 
consistently obtained in every dog under the present 
experimental conditions. The inconsistency is 
apparently due to variation of animal response 
during the period of experimentation, changing 
markedly with the depth of anesthesia. The hypo- 
tensive effect is greater, the deeper the anesthesia. 
The prolonged hypotensive effect and the narrow 
range between the minimal and the maximal 
effective dose of the active veratrum alkaloids are 
other factors contributing to an increase in experi- 
mental variations (see Table I below). In order to 


'*Veratrone”™’ is a Parke, Davis and Company trade mark 
for an alkaloidal preparation of veratrum viride introduced 
into the clinic in 1924 for the management of eclampsia 
and hypertensive disorders. It was marked then primarily 
for oral administration. 
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provide a simple, rapid and reliable method of 
assay, it appeared to be essential therefore that 
the test doses be small, the depth of anesthesia kept 
constant, and the experiment conducted in the 
shortest possible period. This made it impracti- 
cable to use the linear dose-response relationship 
for the assay of veratrum alkaloids, and led us to 
adopt the cross-matching procedure described above. 

Variation in Hypotensive Response.—A histogram 
depicting the frequency distribution of hypotensive 
response for 90 dogs receiving intravenously 2.5 
ug./Kg. of “‘Veratrone Improved” is given in Fig. 
2. In constructing the diagram, an average value 
of two determinations was used. The animals 
were grouped by the per cent fall in blood pressures 
at intervals of 10 (0-9.9, 10-19.9, etc.). It is seen 
that about 80% of the dogs responded to this dose 
of Veratrone preparation with a hypotension equal 
to or less than 30% of the pre-injection level. 
Five per cent of the animals failed to respond to 
one of the two injections. The range of hypo- 
tensive effect is 0-62.7%. There is thus a con- 
siderable variation in response among dogs. Two 
and one-half ug./Kg. of this ‘‘Veratrone Improved" 
preparation may be considered as a minimal effective 
dose and was chosen as a standard dose for compari- 
son in assaying other preparations. 

A set of data obtained from 6 dogs receiving 4 
injections of this standard dose of ‘“Veratrone 
Improved” at half-hour intervals is presented in 
Table 1. The experiments were designed with two 
objectives in mind: (a) To investigate the variation 
in response during the period of experimentation 
in each animal and between the animals, and ()) 
to test the reliability of the assay procedure by 
comparing two solutions of equal potency (two 
injections considered as standards and two as 
“unknowns”). An inspection of the results in the 
column for the mean and each fall of blood pressure 
after ‘“‘Veratrone Improved” will reveal the wide 
variations in response in some dogs and between 
dogs. The variation between animals is, however, 
significantly greater than that within animals as 
shown by the analysis of variance (8) in Table II 
(F = 7.2, 1% significance = 4.25, Snedecor). In 
other words, the variation in response of each animal 
during the experiment is relatively small and is 
negligible in comparison with that between animals. 

In the last column are given the ratios of relative 
potency of two solutions of equal concentration of 
the same preparation, as determined in 6 dogs. The 
mean ratio and standard errors (1.07 + 0.09 or 
8.4%) are closely equal to the actual potency of 
the ratio of 1 within the limits of variation in 
biological assays of +10%. Instead of using the 
potency ratios, the data may be statistically 
analyzed also by the “null hypothesis’’ through the 
estimates of variance between preparations, be- 
tween dogs, and of interaction between preparations 
and dogs. As shown by the variance between prep- 
arations in Table III, there is no difference in 
potency between the two solutions. The present 
design of the experiment thus appears to give a 
reliable assay procedure for estimating the hypo- 
tensive potency of the veratrum alkaloids. Six 
dogs are the minimal number of animals required 
for an assay in order to limit the biological variation 
within +17% (2 standard errors of the relative 
potency ratio). 
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TABLE I.—THE VARIATION OF HYPOTENSIVE RESPONSE TO ‘““‘VERATRONE IMPROVED” IN THE SAME Doc 

DURING THE PERIOD OF EXPERIMENTATION AND IN DIFFERENT Docs AS DETERMINED WITH 2.5 Mca./Ka. 
oF 913X483 (2 Doses as “UNKNOWN” vs. 2 Doses as ““STANDARD’’)* 


-——Blood Pressure, Mm. Hg-— 
Before/ i 
After 
88/64 
90/64 
85/63 
89/59 

Mean + §S. 

136/101 
120/99 
123/94 
124/80 

Mean + S. 

116/93 
112/92 
108/78 
102/83 

Mean + 

94/68 
103/88 
114/88 
107/77 

Mean + S. 

139/126 
136/123 
136/128 
137/128 
Mean + §S. 
158/120 
129/119 
136/101 
138/118 
Mean + §&. E. 


Average 
Unknown, 
Standard 


27.4 


Weight, Injection, 
Kg. Mcg./Kg. 
9.0 2.59 


5U 


Date 
1/29/51 


1/29/51 


bobobo be 


1/30/51 


totote te 


1/30/51 


14.5 
18.0 + 8.4 


Mean + §. E. 1.07 + 0.09 


* Tested dogs of male sex oniy. 
6S = Standard; U = unknown. 


The Selection of Dosages of the Veratrum tions and dogs (Table III) the difference in potency 


Alkaloids in an Assay.—Table IV and Fig. 3 give 
the summarized results obtained in a series of six 
assays (six dogs for each assay) using increasing 
doses of the “‘Veratrone Improved” as the “un- 
known” against 2.5 wg./Kg. as the standard. A 
relative hypotensive effect between two dosages 
was computed from the ratio of the percentages of 
fall of blood pressure. It is clearly shown by the 
graph that the difference in hypotensive effects, 
as indicated by their relative hypotensive effects, 
is not significant between dosages at levels greater 
than 30% of the minimal effective dose (2.5 ug./Kg.). 
Whether or not the difference in hypotensive effects 
obtained with 2.5 wg./Kg. and 3.13 (25% larger) 
is due to biological variation is ascertained by an 
analysis of variance of the data in Table III. As 
calculated from the estimates of variances for 
between dogs and the interaction between prepara- 


between the two preparations is statistically signifi- 
cant (F = 8.1; 6.61 at 5% level) (9). As ex- 
pected, the variation in response between dogs com- 
puted in the same manner is significantly different 
as in other assays of the veratrum preparations. 

The results of this experiment obtained with 
increasing doses of “‘Veratrone Improved" show 
first that the dose range which produces the minimal 
and maximal hypotensive effects is extremely nar- 
row (2.5 to 3.75 wg./Kg.), and second that the 
experimental variation is greater at higher dosages 
(as indicated by the standard errors). Therefore, 
for the assay of veratrum preparations by this 
method the range of doses between the standard 
and the unknown should be within the limits of 
dosages as given above, i. e., not more than 30% 
of a minimal effective dose. 

In view of the small assay range of the potent 


TABLE II.—ANALYSIS OF VARIANCE* 


Source of 
Variation 


Within dogs 
Between dogs 
Total 


Sum of 
Squares 


544.35 


1082.88 


Estimate of 
Variance 


30.24 
216.57 


* Data taken from Table I. 
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TABLE III.—SIGNIFICANCE OF VARIATIONS 


(A) 2.5 vs. 2.5 wg./Kg. of Veratrone Improved 
Fall of Blood Pressure, ©); 2 Determinations 


Dose, ~ — Dog Number— 
Mcg./Kg. 1 2 4 5 6 
2.5 27 . 3-33 .7 25.7-35.5 18.6-19.8 14.6-22.8 5.9-9.6 7.8-25.8 
2.5 25 .9-28.9 17 .5-23.6 17 .8-27.8 27 .6-28.0 6.6-9.4 14.5-24.0 
Sum of Degree of Estimate of 5% 
Squares Freedom Variance Fe Point 
Between Pairs 1,292.10 
Dogs 1,078.92 5 215.78 5.08 5.05 
Preparations 0.20 l 0.20 0.004 5.76 
Interaction 212.98 5 42.60 
Errors 394.34 12 32.90 


(B) 3.18 vs. 2.5 wg./Kg. of Veratrone Improved 


Fall of Blood Pressure, “|; 2 Determinations 


Dose, - Dog Number————_ — -- 
Mcg./Kg 1 2 3 4 5 6 
2.50 12.5-14.5 59.0-44.8 28 2-37 10.9-15.9 12.8-25.8 47 .3-45.0 
3.13 22 .2-21.4 62.0-57.9 48 847.9 41.5-43.9 16.3-28.9 45.6-44.6 
Sum of Degree of Estimate of 5% 1% 
Squares Freedom Variance Fe Point Point 
Between Pairs 6,009.80 
Dogs 4,750.88 5 950.18 9.8 5.05 10.97 
Preparations 778.93 l 778.93 8.1 6.61 16.26 
Interaction 479.99 5 96.00 
Errors 337 .60 12 28.10 


* Computed from interaction 


veratrum preparations and the large biological 
variation in response between animals, and in order 
to employ an arithmetic ratio for computing the 
relative potencies of various preparations instead of 
using the logarithmic linear relationship between 
dose and hypotensive response, the simplest ap- 
proach to the assay problem appeared to be to 
apply the cross-matching technique with the mini- 
mal effective doses of a standard and an unknown 
preparation. As has been shown above, the indi- 
vidual variation in hypotensive response during the 
assay period is least at this dose level; furthermore, 
the time of recovery of blood pressure to the pre- 
injection level is shortened with low dosages. The 
hypotensive potency of an unknown may be ex- 
pressed either in terms of its minimal effective dose 
or relative to that of a standard. For pharma- 
ceutical preparations like the veratrum alkaloids, 
where the same chemical processes are employed 
for the isolation and purification of the active 
materials, it is desirable to know from the biological 
assay whether or not the different preparations 
isolated from different sources of supply will give 
the same biological activity. Here, the potency 
of a new preparation is preferably to be compared 
with that of a standard 


Tas_e I\.—THe RELATIVE Hyporensive EFrect of ““VERATRONE IMPROVED” (913X43) AT INCREASING 
DOSAGE IN COMPARISON WITH THAT OF A MINIMAL EFrective Dose (2.5 Mcc./Ka.). 


In our assay routine, the minimal effective dose 
of a veratrum preparation is determined first. 
This is conducted in three dogs using four dose 
levels; the minimal effective dose is extrapolated 
from the logarithmic linear relationship between 
dose and response. The average dose is then com- 
pared with the minimal effective dose of the stand- 
ard in six dogs as in a regular assay. In case its 
potency is more than 20% that of the standard, 
a second assay is performed using a lower dosage 
of the test preparation. Table V gives the assay 
results of one sample of “Veratrone Improved” 
(Rx X4608) against that chosen for standard of 
reference (913X43). The data indicate that there 
is no difference in hypotensive activities between 
the two preparations. 

Comment.—The hypotensive actions of the 
veratrum alkaloids are not yet entirely understood. 
It is generally agreed by investigators that the 
initial lowering of blood pressure accompanied by 
slowing of respiration and bradycardia is a reflex 
mechanism through the vagi (von Bezold reflex). 
Disagreement arises in interpreting the prolonged 
hypotension after respiration and the heart have 
resumed their normal states of activity. A central 
action (10), a reflex action through the chemo- 


THE HIGHER 


DosaGE Was CONSIDERED AS ““UNKNOWN” VS. THE MINIMAL EFFECTIVE DosE AS “STANDARD” 


Dosage (U/S), 2.5/2.5 3.13/2.5 3.44/25 37.5/2.5 4.39/25 5.0/2.5 
Mcg./Kg. 
Increase in 0 25 37.5 5O 75 100 


Dosage, % 


Relative Hypo- 1.07+0.09 15640 34 2824089 2504063 2.19+0.37 


tensive 


Effect? 


“ Average value and standard errors of ratios of hypotensive effects as determined in 6 dogs. 
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TaBLe V.—A COMPARISON OF THE HYPOTENSIVE EFFECTS OF VERATRONE PREPARATIONS IN Docs (Rx 


X4608 vs. STANDARD 913X43) at 2.5 Mca./Koa.* 


Injection 
913X438 
X4608 
X4608 
913X43 
913X438 
X4608 
X4608 
913X438 
X4608 
913X438 
913X438 
X4608 
X4608 
913X438 
913X43 
X4608 
X4608 
913X438 
913X438 
X4608 
913X438 
X4608 
913X438 


11/23/51 


11/23/51 


11/24/51 


11/24/51 


11/25/51 


11/25/51 


@ Tested dogs of male sex only. 


receptors (11), and a direct action on the peripheral 
vessels (12) have been suggested for this hypotensive 
effect without accompanying bradycardia. The 
experimental evidences obtained in animals in 
various laboratories to support the above inter- 
pretations of the hypotensive action are yet await- 
ing confirmation. 

Since the prolonged hypotension induced by the 
veratrum alkaloids is primarily concerned thera- 
peutically, it is deemed essential that this hypo- 
tensive effect be utilized for the assay of veratrum 
alkaloids in animals. It has been claimed by some 
that the hypotension produced by slow intravenous 
infusion of small doses of the veratrum alkaloids is 
not accompanied by bradycardia (5). The hypo- 
tension so obtained is thus comparable to the thera- 
peutic effect in man. In our experiments, however, 
the hypotension induced by this form of injection 
with minimal hypotensive doses of various veratrum 
preparations was always accompanied by brady- 
cardia. Also there was no difference found in 
relative hypotensive potencies of different prepara- 
tions of veratrum viride either by slow infusion or 
by rapid injection of a minimal effective dose. In 
order to minimize experimental variations by main- 
taining a constant state of surgical anesthesia and 
by shortening the time of assay, the rapid injection 
was preferred over the slow infusion method. 

The narrow range between the minimal and the 
maximal hypotensive doses of the veratrum alkaloids 
and the variation of hypotensive responses in dif- 
ferent individuals, as observed in dogs, are also 
true in man. It is important, therefore, that the 
initial trial dosage of these alkaloids for a patient 
should be small and increased gradually to the 
therapeutic requirement of each individual. After 


-—Blood Pressure, Mm. Hg —-—~ 


Average 
X4608 


Before/ 
After 
109/87 
117/97 
104/64 
94/71 
143/84 
128/71 
115/56 
110/45 
99/74 
88/69 
107/81 
97/78 
120/107 
109/96 
118/105 
122/106 
115/78 
102/75 
97 /66 
101/77 
115/53 
103/59 
106/72 
84/61 


Difference, 
913X43 


37.5 


0.92 
40.7 


Mean + §. E. 1.01 + 0.05 


% FALL OF B.P. (in log) 


i 


0.5 
DOSE (in log) 


Fig. 1.—The relationship between doses of ‘‘Vera- 
trone Improved” and the responses of 4 dogs in per 
cent fall of blood pressure, expressed in logarithmic 
values. 


Date Kg. Ratio 
12.0 20.1 
17.1 27.8 
38.5 3 1.24 
24.5 
11.0 41.3 
45.5 48.4 
51.3 50 3 0.96 
59.1 
10.0 25.2 
21 22.4 
24 22-9 
19 
| 7.5 10 
il 12.0 1.04 
11 11.5 
13 
9.3 32 
26 28.0 
0.95 
23 
9.0 54 
42 
27 
2.0 
f 
1.5 
| 
| | 
| 
| 
| os 


10 20 30 40 50 60 70 80 
FALL IN BLOOD PRESSURE (PER CENT) 


Fig. 2.—The frequency distribution of hypotensive 
response of 90 dogs receiving an intravenous dose of 
2.5 wg./Kg. of ‘‘Veratrone Improved.”’ The histo- 
gram was made by plotting the percentage of ani- 
mals against the per cent fall in blood pressure of the 
pre-injection level at intervals of 10. 


reaching a maximal therapeutic (or hypotensive) 
effect, further increase of dosage will merely augment 
the toxic effects of the veratrum alkaloids. 

Since the hypotensive effect of the veratrum 


alkaloids is greater in a subject under narcosis, 
the dosage of such preparations should be properly 
regulated for patients under sedation, which is often 
practiced in cases of toxemia of pregnancy. 


SUMMARY 


An assay method is described for estimating the 
hypotensive potencies of veratrum alkaloids in 
dogs. The activity of a test preparation is cross- 
matched with that of a standard at minimal ef- 
fective dose levels. 

Through the analysis of variance of the results 
obtained from a series of experiments with 
“Veratrone Improved,” the variation is given of 
the hypotensive response in individual animals 
and that between animals. The range of assay- 


able doses of a veratrum preparation is shown to 
be extremely narrow; 


the maximal hypotensive 
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RELATIVE HYPOTENSIVE EFFECT 


25% 50% 75% 100 % 


INCREASE IN DOSAGE OF VERATRONE IMPROVED 

Fig. 3.—The relative hypotensive effect of ‘“‘Vera- 
trone Improved”’ at increasing dosage in comparison 
with that of its minimal effective dose. The rela- 
tive hypotensive effect between dosages was com- 
puted from the ratio of percentages of fall of blood 
pressure. The standard errors are represented by 
the distances between the horizontal bars. 


dose is only 30 per cent higher than the minimal 
effective dose. 

In the light of the results obtained in dogs, the 
hypotensive response of man to the veratrum 
alkaloids is discussed both from the standpoint of 
therapeutic dose range and that of biological 
variations. 


REFERENCES 


1 Krayer, O., and Acheson, G. H., Physiol. Rev., 26, 383 


(2) Rowe, L. W., Tuts Journat, 14, 24(1925). 
asses Christensen, B. V., and MacLean, A. P., ibid., 28, 74 
39) 


(194 


(4) Meyer, A. E., and Greenberg, J., Proc. Soc. Expil. 
Biol. Med., 73, 313(1950). 
(5) Maison. G. L., and Stutzman, J. W., Arch. intern. 


pharmacodynamie, 8S, 357(1951). 


(6) O'Dell, T. B., Tats Journat, 41, 316(1952). 


(7) Rubin, B., and Burke, J. C., J. Pharmacol. Exptl. 
Therap., 105, 409(1952). 
(8) Snedecor, G. W., ‘‘Statistical Methods,’ The Iowa 


State College Press, 1940, pp. 179-184. 

(9) Goulden, C. H., ‘‘Methods of Statistical Analysis,” 
John Wiley & Sons, Inc., New York, 1939, p. 128. 

(10) Swiss, E. D., and Maison, G. L., J. Pharmacol. 


Exptl. Therap., 10S, 87(1952). 
89, 325(1947). 
, ibid., 79, 208(1943). 


(11) Dawes, G S., ibid., 


(12) Wilson, J. R., and Smith, R.G 


378 
344 
a 
25.6 
3 
20F 189 
; 
2 
10 
44 
| | 


The Toxicity of 3-(Acetonylbenzyl)-4-Hydroxycou- 
marin (Warfarin) to Laboratory Animals* 


By ERNEST C. HAGAN and JACK L. RADOMSKI 


The toxicity to laboratory animals of 3-(acetonylbenzyl )-4-hydroxycoumarin (war- 
farin), used as the sodium salt, is described. It is shown that the acute oral LDw’s 
of the salt range from 58 mg./Kg. for the female rat (male: 323) to greater than 
1 Gm./Kg. for the chicken. Prior castration increases male and decreases female 
rat susceptibility to acute warfarin dosage. Subacute dietary feeding caused deaths 
in rats at 6.25 p. p. m. in about 10 days while chickens survived 100 p. p. m. for the 
fifty days fed, though succumbing to higher levels. Monkey, guinea pig, and 
rabbit susceptibility approached that shown by rats while dogs were somewhat more 
resistant. 


found in one or several tissues. In addition to this 


prepared by condensation of 

4-hydroxycoumarin and _ benzalacetone, 
possesses a mode of action similar to that of Dicu- 
marol, Link (1).2, Hayes and Gaines (2) in their 
evaluation of warfarin as a rodenticide concluded 
that the compound is free of bait shyness, is non- 
lethal to white rats in single doses of 50 mg./Kg. 
but is lethal to the same type of rat when fed at 
levels as low as 6.25 p.p.m. even when untreated 
food is also provided ad libitum. Furthermore, in 
field tests these same authors found that warfarin, 
incorporated in yellow corn meal at 50 p.p.m., 
was effective in exterminating Norway rats. 
Holmes and Love (3) reported a case of severe 
human poisoning in which suicide was attempted 
by ingestion of 113 gm. of a commercial rat poison 
containing 567 mg. of warfarin. The poison was 
ingested over a six-day period in about equal 
daily amounts. 

Our toxicity study in which monkeys, dogs, 
rabbits, guinea pigs, and chickens as well as 
white rats (Osborne Mendel) served as test ani- 
mals provides data pertaining to (a) species and 
interspecies susceptibility, and (b) degree of cor- 
relation of mortality, warfarin intake, and pro- 
thrombin times in the rat. 


EXPERIMENTAL 


Acute Toxicity —LDw's were obtained by ad- 
ministering young adult animals water solutions 
of warfarin. The data are shown in Tabie I. 
Symptoms and gross autopsy findings from acute 
doses of warfarin were variable depending on the 
time of death. Convulsions were observed in 
animals which succumbed within several hours after 
receiving the very highest doses by stomach tube. 
Hemorrhage was never observed in this group. 
Conversely, in animals dying delayed deaths, con- 
vulsions were never observed and hemorrhage was 


1952, from the Division of 


* Received December 1, 
Federal 


Pharmacology, Food and Drug Administration, 
Security Agency, Washington 25, D. C. 

! Provided through the courtesy of Dr. Karl Paul Link 
of the Wisconsin Alumni Research Foundation. 

2? Data are expressed in terms of the sodium salt which was 
used throughout experimentation. 


internal and sometimes external hemorrhage, the 
animals’ appearance was marked by ruffled coat, 
pallor, and extreme lassitude. Never during the 
premorbid or morbid state was there evidence of 
pain. Death occurred in prostration. 


I.—AcuTe ORAL AND INTRAVENOUS TOXICITY 
OF WARFARIN 


Animal Sex 
Rat M 
Rat F 
Rat M&F 
Guinea pig M&F 
Mouse M&F 
Rabbit M&F 
Rabbit M&F 
Dog M&F 
Dog M&F 
Chicken M&F 
Chicken M&F 


® Standard Error, method of Bliss (4). 


The sex difference noted in the rat was further 
investigated by employing male and female cas- 
trates for acute toxicity determinations. The data 
obtained, while of a preliminary nature which 
would not permit of an exact LDso determination, 
still gave positive evidence that the sex difference 
could be at least partially resolved by castration 
prior to warfarin administration. 

Subacute Oral Toxicity—Young adult animals 
were used in this study. The basic diets employed 
were ground commercial Purina Laboratory Chow 
for monkeys, rats, and dogs, B&B small animal 
laboratory diets for rabbits and guinea pigs. Guinea 
pigs also received weekly cabbage rations, while 
monkeys were given kale daily. Chickens were fed 
growing mash. Warfarin was incorporated either 
in the diet or drinking water. Both food and 
water were available at all times. Data are shown 
in Tables II and III. 

Acceptability of Warfarin Diets.—In the course 
of this subacute study an additional group of rats 
was given a constant choice of treated (50 p. p. m.) 
and untreated food. Both food and water were con- 
stantly available to the animals which were indi- 
vidually housed in wire mesh cages. The results 
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Slope of 
Dosage 
LD», Mor- 
+ tality 
Route S. E.* Curve 
Oral 323 + 70 2.2 
Oral 58+ 18 1.3 
LV. 186+ 11 8.8 
Oral 182+8 6.2 
Oral 374 + 84 1.3 
Oral Approx. 800 
I.V. 100-200 
Oral 200-300 
1.V. 200-300 
Oral >1,000 
I.V. 200-225 
? 
| 
|| 
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TABLE II.—-CoMPARATIVE SUSCEPTIBILITY OF LABORATORY ANIMALS TO WARFARIN FEEDING 


Approx 
Warfarin Av. Daily 
No Level, How Death, Intake, 
Animal Used Sex P. P. M Fed ‘Time /days Mg./Kg. 
Rat M&F l Food Survival 0.2-0. 064 
Rat M&F 3 Food Single death’ 
Rat 6 M&F 6.25 Food 10.7 0.4 
Rat 6 M&F 12.5 Food 7.0 1.0 
Rat 6 M&F 2! Food 7.3 1.5 
Rat 6 M&F 50 Food 9.0 3.0 
Rat 6 M&F 100 Food 7.0 6.0 
Rat 6 M&F 250 Food 8.3 18 
Rat 5 M&F 250 Water 6.6 27 
Rabbit l F 10 Water 8.5 2.4 
Rabbit 1 F 25 Water 10.0 6.0 
Rabbit l F A) Water 12.0 12 
Guinea pig 2 M&F 5 Water 3L.0 0.3 
Guinea pig 2 M&F 10 Water 22.0 1.0 
Guinea pig 2 M&F 25 Water 7.0 2.0 
Guinea pig 2 M&F 50 Water 12.0 4.0 
Monkey 1 F 10 Water 19.0 0.5 
Monkey 1 F 100 Water 12.0 4.7 
Monkey 1 M 250 Water 11.0 7.5 
Dog l F 10 Food 175° 0.2 
Dog 1 10 Food 84 0.4 
Dog 1 M 10 Food 175° 0.6 
Dog l M 10 Food 175° 0.2 
Dog l F 20 Food 49 0.8 
Dog 1 M 20 Food 14 0.4 
Dog 1 F 20 Food 220° 0.5 
Dog 1 M 20 Food 220" 0.5 
Dog 4 Food 34 0.9 


M&F 50 


Eight months feeding period 
Six months feeding period / 
© Sacrificed for pathology in good condition 


h 


Warfarin 
Levels, 
Animal Nos P. P. M. 
Chickens 1, 2, 3, 4, 5* 25 
1,000 
Chickens 6, 7, 8, 9, 10° 100 
500 
Chickens 11, 12, 13, 14, 15 200 


“ Chickens 1-5 fed 25 p. p. m. then 1,000 p. p. m. without interval between ; 
Chickens 6-10 fed 100 p. p. m. then 500 p p. m. without interval between. 


obtained were as follows: the average daily ingestion 
of treated and untreated food was 4.5 and 14.4 
Gm., respectively. These data were obtained for 
a twenty-five-day feeding period during which six 
out of seven rats died. 

Prothrombin Determinations.—In order to ex- 
plore the relationship between warfarin intake and 
disturbances in the clotting mechanism male rats of 
similar age and growth were placed at random into 
three groups of 100 rats each, and fed either 10, 
50, or 250 p. p. m. of warfarin. Each level was fed 
ad libitum one, two, three, four, or five days, 20 
rats being designated for each feeding period. 
Prothrombin times* were determined according to 
the method described by Quick (5). These deter- 
minations were made on undiluted plasmas at the 
end of each feeding period. (Fig. 1 shows a curve 
characteristic of the prothrombin times of serial 


* Thromboplastin (of rabbit brain origin) used in deter- 
minations was obtained from Difco Laboratories, Detroit, 
Michigan. 


4 Variation due to decreasing food consumption per Kg. as rats grow older 


TABLE III.—Svusceprisivity oF CHICKENS TO WARFARIN INCORPORATED IN Foop 


Length Av Av. Daily 


Feeding, Mor- Death, Intake, 
Days tality Time /days Mg /Kg. 
51 0/5 ; 2.5 
52 4/5 28 74 
50 0/5 9.3 
56 2/5 10 29 
106 2/5 14 14 


saline dilutions of untreated plasmas of rats from 
our colony. Significant deviations from the normal 
occur only with plasma concentrations of about 25% 
or less.) Rats used for prothrombin determinations 
were sacrificed and the remainder observed for toxic 
effects. The use of some rats for prothrombin 
determinations and others for observations of the 
lethal effects of the feeding was necessitated by the 
danger of producing fatal hemorrhages when with- 
drawing blood by heart puncture. Prothrombin 
data are found in Table IV, mortality results in 
Table V 

Subacute Intravenous Toxicity.—Because of the 
marked resistance shown by chickens further experi- 
ments were conducted. Rats and chickens were 
given intravenous injections of warfarin at a daily 
dose of 10 mg./Kg. for two successive days. 
Twenty-four hours after the second injection pro- 
thrombin determinations’ were made on some of 


* Thromboplastin used in chicken determinations pre- 
— from chicken brain as described for rabbit brain by 
Quick (6) 


380 
; 


June, 1953 


CLOTTING TIME IN SECONDS 


PERCENT PROTHROMBIN 
Prothrombin activity curve of untreated 
rat plasma. 


Fig. 1. 


each species. These animals were then sacrificed. 
The remaining animals were observed for gross 
toxic effects. Results are reported in Table VI. 

It is apparent the chicken is resistant to sub- 
acute intravenous injections of warfarin which are 
extremely toxic to the rat. Furthermore, it was 
learned that prothrombin times (Fig. 2) of saline 
dilutions of untreated control chicken plasmas were 


TABLE IV.— 


250 P. P. M. 
Feeding, Mg./Kg. 
Days Daily 
1 28 75 see. 
46 73 sec. 
28 77 sec. 
25 128 sec. 


Duration 


135 sec. 
124 sec. 
123 sec. 
168 sec. 
384 sec. 
>42 min. 
33 min. 
>45 min. 
min. 
87 min. 
min. 
6 min. 
12'/, min. 
hr. 
hr. 
>3'/2 hr. 


~ 


TABLE V.—MorTALITY OF Rats* FED WARFARIN 


————250 P. P. 
A 
Fed, 
No. Deaths 
10 0 
10 5 
10 9 26 
10 10 20 
& 17 


v. 
Intake, 
Mg./Kg. 
28 
28 


Total fed 


“ Observed several weeks after cessation of drug feeding. 


50 P. P. 
Kg. 


>3'/2 hr. 
>3'/2 hr. 


Screntiric Eprrion 


CLOTTING TIME IN SECONDS 


203040 5060 70 680 90 100 
PERCENT PROTHROMBIN 
Prothrombin activity curve of untreated 


chicken plasma. 


Fig. 2. 


lengthened from the normal with plasma concentra- 
tions of about 30-40% or less. This corresponds 
generally with that found for the rat. Apparently 
the increased resistance shown by chickens is not 
due to greater prothrombin levels. Quick (7) sug- 
gested different types of prothrombin because of 
clotting incompatibilities he obtained when chicken 
or rabbit thromboplastin was incubated with plasma 


——10 P. ——0 P. P. M.——. 


Mg./Kg. 

P. T. Daily P. T., Sec. 
24 sec. 0 15 
30 sec. 0 14 
24 sec. 0 
41 sec. 0 


76 sec. 0 
68 sec. 0 
66 sec. 0 
60 sec. 0 
156 sec. 0 
89 sec. 0 
90 sec. 0 
134 sec. 0 
14 min. 0 
154 sec. 0 
124 sec. 0 
30 sec. 
8 min. 0 
15 min. 0 
9!/, min. 0 
>3'/s hr. 0 


24 min. 


20 min. 
5 min. 
9 min. 


ee 
SSH 


~ 


———10 P. P. M.- 


——— P. P. 
A 
Fed 


ed, 
vo 


Av. 
Intake, 


Fed, 
yo. Mg./Kg. 


Deaths Mg./Kg. } Deaths 
) 10 0 
10 0 
10 0 
10 


10 0 
10 4 
10 
10 


50 
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6 6 
)THROMBIN Times (P. T.) OF WARFARIN FED Rats 
Daily Daily 
5.3 69 sec. 1.1 
42 76 sec. 1.4 
4 81 sec. 1.2 
6 67 sec. 1.3 
3 51 sec. 
2 28 4 126 sec. 1.0 24 
22 6 274 sec. 1.0 25 
20 5 107 sec. 1.0 24 
25 4 117 sec. 22 
3 21 4 13 min. 21 
21 4 68 min. 25 
27 3 21 
1 28 19 
H 4 21 4 20 
H 20 3 21 
16 3.0 12 
21 
5 14 3 19 
| 23 
19 25 
18 20 
| | — 
Feeding, 
Days 
1 1.2 
2 1.2 
3 1.2 
4 1.1 
5 10 7 4.4 10 1 1.1 
| 50 |_| 50 
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TABLE VI.—MortTALITIES AND PROTHROMBIN oF CHICKENS AND Rats GIvEN Successive INTRA- 
VENOUS Doses OF WARFARIN 


Animal No Dosage 
Chickens 5 
Rats 5 10 mg./Kg. daily 
Chickens ¢ for 2 days 
Rats 5 


Normal Range of 
Prothrombin Prothrombin 
Times, Times® of 
Mortality Sec. Treated Animals 
0 
4 
15-16 24—40 sec. 
21-24 3.5-13.5 min. 


of the opposite species. This might help to explain 
the differences in the response of species to pro- 
thrombin inhibitors. 


SUMMARY 


1. Rabbits, guinea pigs, monkeys, dogs, and 
chickens are all subject to warfarin poisoning. 
However, chickens are much less susceptible than 
the other species. 

2. Two hundred and fifty and 50 p.p.m. war- 
farin were found more toxic to rats than 10 p.p.m. 
when fed for periods from one to five days. How- 
ever, levels in the neighborhood of 10 p.p.m. are 
as toxic as 250 and 50 p.p.m. when fed for longer 
periods. 


® Determined twenty-four hours after the second dose of warfarin. 


3. There is a consistent though not absolute 
rejection by the rat of food containing 50 p.p.m. 
warfarin in favor of equally available untreated 
food. 

4. Mortality and prothrombin times gener- 
ally correspond with the intake of warfarin. 
However, no difference in the time of onset of 
toxicity was observed between 50 and 250 p.p.m. 
levels feecing. 
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The Effect of Certain Nonionic Wetting Agents in 
Extraction of Alkaloidal Drugs* 
By WANDA J. BUTLER} and GAIL A. WIESE? 


The effect of certain nonionic wetting agents on alkaloid extraction, with the use 
of official procedures for the preparation of fluidextracts was investigated. Pro- 


cedures were carried out using Belladonna, Hyoscyamus, Ipecac, and Cinchona. 
The surface active agents employed were laurate esters and the results indicated 
that a larger amount of alkaloids can be extracted through the use of such agents. 


TT REMOVAL of the active principles of drug 

plants has not changed materially since 
methods for such extractions have been intro- 
duced. Excepting for the use of the pressure 
cooker for the preparation of certain galenicals 
(1), there has been little if any change in the pro- 
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of Doctor of Philosophy. 

+ Fellow, American Foundation for Pharmaceutical 
Education. 

t Assistant Professor of Pharmacy, College of Pharmacy 
State University of lowa, Iowa City, Iowa. 


cedures for the removal of the constituents of 
drugs. This investigation was carried out to 
determine if it would be possible to effect a more 
efficient removal of such constituents as alkaloids, 
by the introduction of a small amount of non- 
ionic surface active agents into the extracting 
menstruum. 

The wetting agents used for this work were 
selected from the standpoint of solubility, re- 
quired concentration for surface depression of 
water, ionic effect, and toxicity. The wetting 
agents used are all soluble in hydroalcoholic 


Vol. XLII, No. 6 


June, 1953 


menstrua. Nonionic agents were used to elimi- 
nate any chance of chemical reaction between 
wetting agent and plant constituents. From 
information available, all the wetting agents 
were of low toxicity (2). 


EXPERIMENTAL 


The alkaloidal drugs chosen for extraction were 
Belladonna Leaf, Hyoscyamus, Cinchona, and 
Ipecac Root. Sufficient quantity of each drug 
was obtained before this investigation was started 
to insure uniformity of sampling. Each lot of 
drug was thoroughly mixed to give consistency in 
particle size. Cylindrical glass percolators of the 
same size were selected, and all percolations of a 
given drug with the wetting agents used and the 
control were conducted simultaneously to insure 
uniform solvent and extraction temperature for a 
given drug. Numerous practice packings of the 
percolators were carried out before actual percola- 
tions were begun, and extreme care was used in 
packing the percolators to insure as much uni- 
formity as humanly possible. 

The following wetting agents were used and will 
be referred to in the tables by the number in paren- 
theses preceding it: (WA 1)—Sorbitan Mono- 
laurate; (WA 2)—Polyethylene Glycol 400 Mono- 
laurate; (WA 3)—Propylene Glycol Monolaurate; 
(WA 4)—Polyethylene Glycol 600 Monolaurate; 
(WA 5)—Polyethylene Glycol 400 Dilaurate; 
(WA 6)—Glycerol Sorbitol Laurate; (WA 7)— 
Polyoxyethylene Glycol Sorbitol Monolaurate. 

Extraction Method.—The official percolation pro- 
cedure for fluidextracts was employed, in which 
85% of the final volume of percolate was collected 
for Belladonna Leaf, Hyoscyamus, and Cinchona. 
Ipecac was percolated to exhaustion. The reserve 
portions of the former drugs were collected for assay 
purposes, while a portion of the finished fluidextract 
of Ipecac was used for assay and the volumes of 
percolate collected in exhausting the drug were used 
for comparison. The wetting agent was introduced 
into the preliminary moistening menstruum for each 
percolation, in concentration equivalent to 20 mg. % 
of the final volume of fluidextract. The three con- 
trol percolations were run together with three per- 
colations with each wetting agent for each of the 
drugs. All percolations for a given drug were run 
simultaneously in the same environment. 

Assay Methods.—-Assay methods employed were 
modified to decrease the time required for each 
assay and to eliminate the difficulties commonly 
encountered in proximate assay methods. The 
modification mainly concerned the separation of 
the alkaloids from the sample, except for Cinchona 
fluidextract where a modification in separation of 
the alkaloids as well as determination of aikaloids 
was used. 

Belladonna Leaf and Hyoscyamus Flwidextracts. 
~-The procedure for the separation of the alkaloids 
from the fluidextracts consisted of adsorption of 
the sample on aluminum oxide (Chromatographic, 
Merck), followed by elution with chloroform. For 
Belladonna Leaf a 5-cc. sample was adsorbed and a 
10-cc. sample was used for Hyoscyamus. Since 
coloring matter was eluted with the alkaloids, the 
chloroform eluate was extracted with sulfuric acid 
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(1: 100) several times. The combined acid portions 
were made alkaline with dilute ammonia water and 
finally extracted with chloroform. The final chloro- 
form portions were then evaporated and a residual 
titration according to the official method was done 
(3). 

Ipecac Fluidextract.—A 5-cc. sample of the fluid- 
extract was adsorbed on aluminum oxide in a 
chromatographic column and eluted with 70% 
alcohol (4). After complete removal of the alkaloids 
the alcoholic eluate was evaporated until turbid. 
A measured excess of standard acid was then added 
and a back titration was carried out as with the 
official method. Since Ipecac was percolated to 
exhaustion, the final volumes of percolate collected 
were used in comparing effectiveness of the wetting 
agents over the control. 

Cinchona Fluidextract.—To separate the alkaloids 
of the fluidextract a 2-cc. sample of the reserve 
portion was adsorbed on aluminum oxide. Elution 
was accomplished with chloroform. The eluate 
was evaporated to a convenient volume to facilitate 
extraction with 0.1 N HCl. The method for assay 
was based on the work of Grant and Jones (5) who 
employed the spectrophotometer in assay of Cin- 
chona Bark. Their method required use of stand- 
ard alkaloidal solutions, one containing quinine 
and the other cinchonidine in concentrations of 15 
mg. in 500 ce. of 0.1 N HCl. Cinchona alkaloids 
unknowns were required to be near the same con- 
centration in 0.1 N HCl. Optical densities per 
unit weight of the standard solutions were deter- 
mined at 316 my and at 348 mu, then the optical 
densities of each unknown solution were determined 
at these wave lengths. The unknown alkaloidal 
content was found by solving simultaneous equa- 
tions. 

Results.—The alkaloid content for each percola- 
tion, as well as the mean alkaloid content and the 
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Resuuts or ExTrRaAcTION OF 
Hyoscyamus 


Diff 
Mean of Mean 
Alkaloids, from 
Mg. % Control 


Alkaloids, 
Mg 


Percolation 
Control 
22 d=z4 


WA2 


WA3 


WA4 


WAG 


WAT 


difference of the means for each percolation from 
the control percolation were tabulated for each 
drug in Tables I, I], III, and IV. Table III also 
shows the volumes and mean volumes of the per- 
colate collected in exhausting Ipecac. The data 


were treated statistically by application of the F 


test and a modification of the ¢ test (6), in which 
the “critical difference’’ d, at the 1% level of con- 
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fidence, is determined. d is given for each table 
and wherever the difference of the mean from the 
control mean is greater than the value of d, the 
difference may be considered to be significant. 


DISCUSSION 


Examination of the data in Tables I, I], and IV 
for Belladonna Leaf, Hyoscyamus, and Cinchona 
percolations, respectively, reveals that all percola- 
tions using wetting agents consistently extracted 
more alkaloids than were extracted in the control 
percolations. The differences were significant at 
the 1% level of confidence. In the Ipecac extrac- 
tions (Table III) the statistical treatment was ap- 
plied to the volumes of percolate necessary to 
exhaust the drug. Here only WA 1, WA 4, and 
perhaps WA 2 could be considered significant at the 
1% level of confidence. Since the physical nature 
of the crude drugs used may be a factor to consider 
in these extractions, it is possible that for Ipecac 
Root, this factor may have more importance than 
for the leaf or bark drugs. The particle size of the 
batch of Ipecac used varied to a considerable extent 
although it was a moderately coarse powder, and 
although care was used in the mixing and weighing 
of the drug, there is a possibility that complete 
homogeneity was not present. This fact together 
with the extreme hardness of the drug may account 
for the difficulty in penetration of the interstices of 
the drug cells. 

From the data in the tables, it is not possible to 
say a definite pattern of superiority of one wetting 
avent over another kas been established. However, 
WA 6 was consistently effective in allowing a greater 
amount of alkaloids to be remove‘, since it ranked 
at least third in efficiency with all drugs when a 
rank order of effectiveness was arranged. 
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The mechanism by which efficiency of extractions 
with hydroalcoholic menstrua is increased is not 
known. A factor to consider is the increased 
solubility of the alkaloids in the solvent by use of 
these wetting agents. That increased solubility 
may result is illustrated by the work of Steen, 
et al. (7), who used surface active agents for solu- 
bilizing essential oils in the preparation of aromatic 
water concentrates. However, the amount of 
wetting agent required was rather large (20%), and 
in this work the amounts of such agents were kept 
at a minimum so no excessive quantity would be 
present in the final material. Hence, it is possible 
to eliminate any solubilizing effect of the wetting 
agents in this investigation. The alternative 
explanation is that it may be the addition of the 
wetting agent which increases the penetration of 
the drug cells by the solvent. 


SUMMARY 


|. The presence of small concentrations of 
certain nonionic wetting agents enhanced the 
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removal of alkaloids in the percolation of Bella- 
donna Leaf, Hyoscyamus, Ipecac, and Cinchona. 
It is not possible to state which of the wetting 
agents would be best for a particular drug since 
the number of percolations was small. 

2. A modification of the assay of Belladonna 
Leaf, Hyoscyamus, Ipecac, and Cinchona fluid- 
extracts has been presented. 
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Book Notices 


Side Effects of Drugs. By L. MByYLEr. 
Pu. Vurjsye and W. Corser. Elsevier 
Press, Inc., Houston, 402 Lovett Boulevard, 
Houston, Tex., 1952. xii + 268 pp. 15.5 x 23 
pp. Price $5.50. 

Many of the thousands of drugs in use, in addition 
to exerting a beneficial therapeutic effect in the 
treatment of disease, may also cause more or less 
serious side effects on the entire human organism 
The significance of these side effects is not always 
fully appreciated by even the best informed physi- 
cian. The author has collected in this book informa- 
tion based on the most important medical literature 
dealing with subsidiary reactions of hundreds of 
varied drugs. Each drug is discussed briefly in 
relation to its therapeutic effect upon the body sys- 
tem and the side effects that have been noted. It 
thus provides a convenient and fairly extensive 
guide for determining whether or not certain symp- 
toms are the result of the disease being treated or of 
side effects of the drug. 

The book is divided into twenty-five chapters, 
each covering pertinent information on the side ef- 
fects of drugs in the several pharmacological classi- 
fications. At the end of the chapters will be found 
references to the original literature on which each 
statement concerning an untoward reaction of a 
drug is based. In addition, a comprehensive table 
of contents and an adequate index are provided. 


Trans. by 


Handbook of Material Trade Names. By O. T. 
ZIMMERMAN and IRVIN LAVINE. Industrial Re- 
search Service, Dover, N. H., 1953. xvi + 794 
pp. 19'/:x27em. Price $20 (domestic); $22.50 
(foreign ). 

The first edition of the Handbook of Material 
Trade Names was published in 1946. The present 
1953 edition, although the second edition, is actually 
a new reference book that has been entirely rewrit- 
ten, greatly expanded, and improved by the addi- 
tion of important new features. 

The new edition contains descriptions of approxi- 
mately three times the number of materials that 
were included in the first edition. Among the use- 
ful new features are a larger page size and double- 
column pages for greater ease of reading and the use 
of appropriate distinguishing symbols for both reg- 
istered and unregistered trade marks and for 
generic and common names. The book is provided 
with a new section called the Classification Section 
This is particularly useful because all materials de- 
scribed in the book are classified according to their 
major uses or composition. This makes it possible 
for one to obtain information quickly about types of 
materials in which he is especially interested. Prod- 
ucts used in the field of pharmacy will be found 
classified under the headings ‘‘fungicides,’’ ‘‘me- 
dicinals,”’ and “‘pharmaceuticals.”” The 
items listed in these categories are, by no means, 


comprehensive in scope. There are, however, 
many items listed which may not be found in other 
lists. The items listed under the heading ‘‘me- 
dicinals” constitute one of the largest groups in the 
book. Many of the items listed in other categories, 
such as cosmetics, and insecticides, are also often of 
considerable pharmaceutical interest. 

All items listed are arranged in alphabetical se- 
quence and, in the case of drugs, the information 
contained in each morograph usually includes a 
statement of the therapeutic application, the chemi- 
cal name, and the name of the principal manufac- 
turer or distributor. A useful feature, not always 
found in other handbooks of trade marks, is the 
listing of a large number of trade names beginning 
with numbers. For the pharmaceutical industry 
and for colleges of pharmacy libraries the book would 
provide a useful reference for the rapid location of 
information relating to trade names. The scope of 
the book, however, is so broad that it might not 
serve adequately as a replacement for other hand- 
beoks devoted exclusively to pharmaceutical and 
medicinal products. 


The Official Preparations of Pharmacy. 2nd ed. 
CHARLES OREN Lees, Editor. Printed by the 
C. V. Mosby Co., Saint Louis, Mo., 1953. XXV 
+ 510pp. 14 X 21.5cm. Price $5.50. 

The second edition of The Official Preparations of 
Pharmacy follows the pattern set in the preceding 
edition, but is revised to conform to the United 
States Pharmacopeia XIV and The National Formu- 
lary IX. There are twenty-five chapters, each one 
of which deals with specific, and when expedient, 
related types of pharmaceutical preparations. The 
arrangement in each chapter consists of a general 
discussion, tabulation of titles, definitions or de- 
scriptions, followed by comments about each prepara- 
tion worthy of a special note. Therapeutic uses are 
briefly mentioned in the tabulation of official titles. 
The author has developed the presentation of subject 
matter from the simple aqueous preparations for 
internal use to those for external use, from clear 
solutions to those classed as suspensoids and suspen- 
sions, and from nonalcoholic to alcoholic prepara- 
tions made by extraction. Then following along in 
order are chapters which treat semisolid and solid 
types of pharmaceutical preparations, and finally, 
a chapter on miscellaneous classes. 

This is a logical arrangement from a teaching point 
of view. It permits a correlation of study with the 
alphabetical classification used in the United 
States Pharmacopeia XIV and The National Formu- 
lary IX. The arrangement allows also a presenta- 
tion of pharmaceutical preparations from those 
requiring a simple type of technique for manu- 
facture to those involving more complex procedures. 
Illustrations of equipment are ample and modern. 

The textbook is designed for the beginning course 
in pharmaceutical preparations. It contains all the 
essential information necessary concerning each class 
of preparations and the individual preparations 
within the class. This has been done in a concise, 
yet comprehensive manner. It is assumed that the 
student has had a course in pharmaceutical tech- 
nology or fundamental principles, necessary for an 
understanding of pharmaceutical processes. 
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Only brief mention is made of the history of 
certain classes and the number of preparations in a 
class, as formerly recognized by the official compen- 
diums. Even this information could be con- 
veniently eliminated to conform to the intent of the 
textbook. 

Identical information is available in more compre- 
hensive texts; there is good reason, however, for a 
book that treats only of pharmaceutical prepara- 
tions, with a general discussion, and that is con- 
cerned with problems of manufacture. By this 
means attention of the student is focused on a special 
field of interest which aids in encouraging greater 
use of the book. 

The author has accomplished the purpose of the 
text as set forth in the preface; namely, a presenta- 
tion of the problems of pharmacy and chemistry 
involved in the manufacture of official preparations 
in a concise manner, useful to the beginner, and 
without repetition of information. 

The text is put up in a convenient size with easily 
read type. Supplemented by good classroom 
instruction, the book is adequate for a course in 
pharmaceutical preparations —M. L. NEuROTH. 


Physiological and Therapeutic Effects of Cortico- 
tropin (ACTH) and Cortisone. By Dwicur J. 
INGLE and Burton L. Baker. (Publication 
No. 179, American Lecture Series). Charles C 
Thomas, Publisher. Springfield, Ill., 1953. 14'/: 
x 22'/2 cm. xii + 172 pp. Illustrated. Price 
$5.50. 

This book was written for the orientation of the 
physician and the graduate student in the field 
covered, without requiring extensive research in the 
literature on the subject. The book is documented 
throughout with key references, but the bibli- 
ography is not necessarily complete. In addition to 
corticotropin and cortisone, information is pre- 
sented on hydrocortisone and other biologically 
active steroid compounds of the adrenal cortex 
which are of therapeutic importance. The design 
of the book is most attractive and the paper, bind- 
ing, and printing are of excellent quality. 


A Text-Book of Pharmacognosy. 6th ed. By 
GEORGE EDWARD TREASE. Balliere, Tindall and 
Cox, London, 1952. viii + 821 pp. 15 x 22.5 
em. Illustrated. Price $8. 

Professor Trease’s Text-Book of Pharmacognosy 
was first published in 1934 and has undergone five 
revisions culminating in the new sixth edition pub- 
lished in November, 1952. Previous editions of 
the book have been reviewed in TH1s JOURNAL as 
they have appeared. This competently designed 
and written textbook has been thoroughly revised by 
the deletion or condensation of much material which 
now seems to be obsolete or of minor importance. 
In former editions references were given in footnotes 
on the pages where they appeared, but in the new 
edition, references have been collected at the ends of 
chapters. This marks a distinctive improvement in 
the make-up of the book. In general, however, the 
book follows essentially the same design and style of 
previous editions with which pharmacognosists and 
pharmacists in the United States are familiar. 


386 
| 
4. 


ON BASES MADE WITH VEEGUM 


JUST OFF THE PRESS, Bulletin 
No. B122 contains the latest tech- 
nical information on VEEGUM. 


VEEGUM is an anhydrous pow- 
dered ointment base, easily hydrated in cold 
water. Viscosity ranges from thin lotions to stiff 
ointments by simple adjustment of the water 
content. VEEGUM dispersions are compatible 
with a wide variety of active ingredients. 


VEEGUM combines with other bases to form 
opaque, washable preparations. It increases the 
viscosity and suspending ability of polyethylene 


R.T. VANDERBILT CO. 


SPECIALTIES DEPARTMENT 


230 Park Avenue @ New York 17, N.Y. 


glycol ointments. VEEGUM blends with petro- 
latum to give non-tacky, smooth-spreading oint- 
ments. Its combined emulsifying and suspending 
ability make VEEGUM particularly valuable in 
formulations containing sticky ingredients or those 
difficult to disperse. 


VEEGUM is inorganic, non-toxic, and non-irri- 
tating. It is highly purified Colloidal Magnesium 
Aluminum Silicate. 


WRITE TODAY for the complete VEEGUM 
story. 


0 Please send VEEGUM bulletin No. B122. 
0 Please send sample of VEEGUM. 
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( Please attach to, or write on, your company letterhead ) 
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CASTALOY 


THE FINEST 
AND MOST COMPLETE 
LINE OF 


CLAMPS 
* HOLDERS 
* SUPPORTS 


FOR THE LABORATORY 


This new catalog illustrates and com- 
pletely describes the many efficient Castaloy 
laboratory appliances as well as Flexaframe 
support assemblies and accessories. It in- 
cludes a variety of unique clamps, specifi- 
cally adapted clamp holders, supports for 
specific purposes and improved devices for 
the control of flow in the laboratory or 
pilot plant. 

Castaloy Appliances offer many out- 


SEND FOR YOUR 


FREE COPY TODAY! 


standing advantages to meet the exacting 
needs of the present day laboratory. They 
are corrosion resistant, easy to keep clean, 
extremely flexible and adaptable, and safe 
to use in the most complicated glassware 
set-up. 

There are many essential tasks in the 
laboratory for which Castaloy Appliances 
are the most effective answer. Know more 
about them through this useful new catalog. 


If you haven't received your 
copy, write to the nearest 


FISHER SCIENTIFIC 


PITTSBURGH (19) NEW YORK (14) ST. LOUIS (18) 

717 Forbes St. 635 Greenwich St. 2850 S. Jefferson Ave. Fisher plant for Castaloy Cat- 
alog FS-228-PA and it will be 

MONTREAL (3), P.Q. WASHINGTON TORONTO (8), P.O. 

904 St. James 7722 Woodbury Dr. 245 Corlaw Ave. sent to you immediately. 


Silver Spring, Md. 
America's Largest Manufacturer-Distributor of Laboratory Appliances and Reagent Chemicals 
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